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Administrative Information

This report documents the activities and accomplishments of the Independent Research (IR)
and Independent Exploratory Development (IED) programs at the Navy Personnel Research and
Development Center for FY89. In addition to the technical presentations, program administrative
information is provided. For further information, contact the IR/IED Program Coordinator, Dr.
William E. Montague, Autovon or (619) 553-7849, or any of the Principal Investigators.
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Introduction

\

N
\.

N The Acting Technical Director encourages scientists and engineers at the Navy Personnel
Research and Development Center (NFRDC) to gencrate new and innovative proposals to promote
scientific and technological growth in the organization and the development of knowledge and
technology of interest to the Navy. Support for this is provided by discretionary funding furnished
by the Independent Research (IR) and Independent Exploratory Development (IED) programs of
the Office of Naval Research and the Officc of Naval Technology. These programs support initial
research and development of interest to the Navy with emphasis on the NPRDC mission areas of
the acquisition, training, and effective utilization of personnel.

~ Funds are provided to the Technical Directors of Navy Laboratories to support innovative and
promising research and development outside the procedures required under noral funding
authorization. The funds are to encourage creative efforts important to mission accomplishment.
They enable promising researchers to spend a portion of their time on examining the feasibility of
self-gencrated new ideas and scientific advances. They can provide important and rapid test of
promising new technology and can help fill gaps in the research and development program. This
may involve preliminary work on speculative solutions too risky to be funded from existing
programs. v

The funds also serve as means to maintain and increase the necessary technology base skill

levels and build in-house expertise in areas likely to become important in the future. These
programs contribute to the scientific base for future improvements in the manpower, personnel, and
training system technology and provide coupling *o university and industrial research
communities.

The FY89 IR/iED programs began with a call for proposals in June 1988. Technical reviews
were provided by supervisors and scientific consultants and six IR and four IED projects were
funded. This report documents the results and accomplishments of these projects. Dr. W. E.
Montague administers the IR and IED programs, coordinating proiect selection, reporting, and
reviewing to assure an innovative and productive program of science and technology.

Tables 1 and 2 list the projects active during FY89 and those supported in FY90. Two papeis,
one IR and one IED, chosen by the Technical Director as ““Best Papers of 1989" are presented.
Subsequent pages contain brief reports of research progress during FY89 writien by the principal
investigators of each project. Appendix A lists the IR and IED projects that may have transitioned
into other projects or into use by the Navy during the year. Appendix B itemizes the presentations
and publications from IR and IED) supported projects. Appendix C presents awards and honors
related to the projects.

IR/IED FY89 Annual Report



Table 1

IR/IED FY 89 Annual Report

Independent Research
Work Units for FY89 and FY9%0
(PE 0601152N)
FY
Fundiny
Telephone (K)
Work Principal Internal (619) 55
Unit Title Investigator Code or AV 55 89 9*
0601152N.R0001.01 Brain activity during Ryan-Jones, 14 37710 632.0 6.0
visual recognition Lewis, 37711
Trejo, 37171
Hemmer 377
0601152N.R0001.02 Event-related potential Williams 15 37705 60.0° 21.0
correlates of memory
performance
0601152N.R000i.03 Using diagrams for Vogt 15 37788 400 0.0
' leaming procedural
tasks
0601152N.R0001.04 Analysis of tutoring Ellis, 14 39273 650  65.0
in technical training Montague 37849
0601152N.R0001.05 Stabilization of Federico 14 37777 12.5 0.0
performance on a
compiex cognitive
task
0601152N.R0001.06¢ Experienced-based Mofrison 12 39256 450 17.0
career development--I1
0601152N.R0001.07¢ Application of Sorensen 15 37782 45.0 0.0
machine intelligence
0601152N.R0001.08 Instructional analysis Gollub 15 37849 12.5 0.0
0601152N.R0O001.09 The role of feedback Cowen 14 37698 00 500
in computer-based
training
0601152N.R0001.10 An exploratory Wilkins 13 37618 0.0 30.0
examination of neural
networks as an alternative
10 regression
0601152N.RC001.11 Neural network Gollub 15 37849 0.0 15.0

*January 1990, 75 percent of funds received.
b Additional $40K obtained from Office of Naval Rescarch.

¢Transitioned.




Table 2
Independent Exploratory Development
Work Units for FY89 and FY90

(PE 0602936N)
FY
Funding
Telephone (K)
Work Principal Internal (619) 55
Unit Title Investigator Code or AV 55 89 90"
0602936N.RV36127.01  Optimization of Krass 11 37895 50.0 0
nonlinear objectives
0602936N.RV36127.05> Empirical Bayes Boyle 11 38025 50.0 0
0602936N.RV36127.06  Military recruit quality Nakada 15 39268 60.0 0
and the minimum wage
0602936N.RV36127.07  Application of neural Huntley 11 38038 350 0
net technology o
personnel loss forecasting
0602936N.RV36127.08° Developing measures of  Sorensen 12 37782 0 500
effectiveness for
knowledge discovery
systems
0602936N.RV36127.10  Decomposition methods ~ Thompson 11 37925 500 750
Krass 37895

*January 1990, 75 percent of funds received.
®Transitioned.
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Biography

David L. Ryan-Jones is a Personnel Research
Psychologist in the Neurosciences Division at NPRDC. He
received a B.S. (1973) and M.S. (1975) in Experimental
Psychology from the University of Texas, El Paso, and a PhD.
(1988) from Florida State University in Experimental
Psychology (Psychobiology). Dr. Ryan-Jones is a member of the
American Psychological Association, Human Factors Society,
and the Association for Research in Vision and Ophthalmology.
His research interests are in the electrophysiological correlates
of perceptual and cognitive information processing.

Gregory W. Lewis was born, raised, and educated
1n the state of Washington. During his graduate work at
Washington, he had extensive training in vision electrophysi-
ology and neurophysiology. His doctoral dissertation was in
the area of vision biometry using ophthalmic ultrasonography.
From 1970 to 1974, Dr. Lewis fulfilled his military obligation
as an Army officer in the U.S. Army Medical Research
Laboratory, Fort Knox, Kentucky. He has been with NPRDC
since 1974. He developed and currently heads the NPRDC
Neurosciences Division, Training Systems Department. His
research interests include the psychophysiology of individual
differences, digital processing of biological signals, and
physiological correlates of brain and behavior.
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Biography

Leonard J. Trejo was born in Mexico City, Mexico
in 1955. He performed undergraduate studies at Lock Haven
State College in Pennsylvania and in 1977, he received his B.S.
in psychology at the University of Oregon. He performed
graduate work in psychobiology at the University of Michigan
and in psychology at the University of California, San Diego,
with emphasis on sensation and perception. He received the
M.A. (1980) and PhD. (1982) from the University of California,
San Diego for research on the neurophysiology of the pupillary
light reflex and visual sensitivity loss in hereditary retinal
degeneration. From 1982 to 1984, he served as Senior Fellow in

the Department of Ophthalmology at the University of
Washington, where he performed research on retinal toxicity, physiology of color vision, and

neuroanatomy of the visual cortex. Since September 1984, ke has been a Personnel Research
Psychologist at NPRDC. His research interests include sensation and perception, color vision,
visual pathways, cognition, and human performance.

Joan D. Hemmer is a Professor in the Psychology
Department, St. Cloud State University, St. Cloud, Minnesota.
She teaches psychology statistics, research methods, psychology
of learning, personality theories, and general psychology. She
earned her B.A. at the University of Minnesota and the M.A. and
PhD. degrees at the University of Colorado at Boulder (1972).
She taught psychology at the University of Massachusetts in
Amherst, from 1971-1976, prior 10 her move to Minnesota, her
home state. In 1984-1985, she trained in psychophysiology at
the University o. Minnesota Medical School in Minneapolis in
Psychiatry Research. She was an Officc of Naval Research/
American Society of Engineering Education Summer Facility

Fellow at the Neurosciences Division, NPRDC, during the summers of 1988 and 1989. Her
research interests are in the electrophysiological correlates of learning and performance of
complex visual tasks.
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Brain Activity During Visual Recognition

David L. Ryan-Jones
Gregory W. Lewis
Leonard J. Trejo
Joan D. Hemmer

Navy combat systems have become increasingly complex over the last few
decades. There is a need to understand the cognitive demands placed upon the
operators of these systems. One technique that can be used to estimate the cognitive
demands of a task is to record the event-related electrical potentials (ERPs)
generated by the brain during performance of the task. In ihis study, we examined
the spatial and temporal distribution of ERP components during a facial recognition
task. We found tnat familiar faces elicited significartly different ERP activity than
unfamiliar faces. Although more research will be required, the results suggest this
experimental technique may directly index the degree to which an individual is
familiar with or has knowledge about a visual target. Potential applications may be
in the areas of educational and training evaluation, personnel security and
reliability assessment, and selection and classification.

Introduction

Navy combat systems have become
increasingly complex over the last several
decades. Many system operators depend
highly upon complex visual and auditory
cueing during the performance of their
missions. For example, radar target
acquisition systems no longer present only
simple blips, but instead present very
complex computer-generated symbols that
cue for the important characteristics of the
target, such as speed, range, altitude, and
direction. These complex alphanumeric and
graphical data presentation techniques may
make it increasingly difticult for an operator
to assimilate and interpret critical battlefield
information under operational time
constraints (Chechile, Eggleston, Fleishman,

& Sasseville, 1989; Mitchell & Miller, 1983).

Thus, the personnel operating these systems

may require cognitive skills and abilities that
were not required several years ago. In
contrast to the increasing complexity of
operational systems, traditional selection and
classification tests have not yet shown greatly
improved predictive validity. These tests are
able to adequately predict training or
academic performance, but not on-the-job
performance (Ghiselli, 1966; Vineberg &
Joyner, 1982).

There is aneed to improve the ability to
assess the unique qualities of individuals,
including their underlying perceptual and
cognitive processes, and to use this improved
assessment in Navy education and training
programs to ensure that these individuals
successfully perform their jobs once they are
assigned to operational units. One factor that
underlies all techniques used for personnel
selection, classification, and training, as well

IR/MED FY8&9 Annual Report
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as on-the-job performance, is the perceptual
and cognitive processing in the cerebral
cortex of the brain. Neuroelectric technology,
which includes the event-related brain
potential (ERP), is currently one of the best
methods to directly assess neural processing
in individnals. The spatial and temporal
sequence of cortical processing is preserved
in the ERP record, from early sensciy
processing to complex decision-making
processes to motor cutput, regardless of
whether ERP records are analyzed as single
epochs or as signal averages. Thus, the ERP
is a valuable technique for studying thesc
processes.

Objective

The general objectives of this research
were to develop an understanding of the
neural processes that subserve visual
recognition, and to develop a reliable method
for predicting which individuals will perform
bestin jobs in which visual recognition is a
critical or substantive part of the job. The
specitic objective of the research reported
here was to assess the spatial and temporal
sequence of cortical processing initiated by
viewing complex visual images. In particular,
we were interested in the kinds of
“real-world” visual images that Navy
personnel might encounter during the
performance of their duties. Job-related
images could include such things as scenery,
ships, airplanes, radar symbology, or human
faces. We selected human faces as the initial
stimuli for this study for two reasons. First,
previous research has suggested that facial
recognition tasks can tap a wide variety of
cortical processes involved in recognition in
general, fromimage segmentation to memory
retricval to decision making. There is some
reason to velieve that the neural processes
underlying visual recognition are relatively
independent of the natuwi of ihe stimulus.
Second, there 1s a substantial body of

research literature on the behavioral aspects
of recognition, as well as the
neuroanatomical substrates of facial
recognition, that allows us to identify the
important experimental variables that affect
recognition. Thus, it is possible to
immediately begin the research with an
advanced understanding of the task.

Background
Facial Recognition

The human ability to remember the face
of a previously known individual is
remarkable in terms of speed and accuracy.
Recognition accuracy has been shown to be
relatively stable over an unreinforced
retention interval as long as 15 years
(Bahrick, Bahrick, & Wattlinger, 1975). The
ability to remember faces is affected by a
wide variety of vanables, including
chronological age (Diesfeldt & Vink, 1989),
amount of rchearsal (Proctor, 1985), context
of the rccognition task (Tiberghien, 1986),
circumstances of the original encounter
(Brown, Deffenbacher, & Sturgill, 1977),
depth of processing (Bower & Karlin, 1974),
complexity of the facial features (Goldstein
& Chance, 1974), viewing duration (Loftus,
Nelson, & Kallman, 1983; Smith & Neilsen,
1970), and image quality (Valentine, 1988).
Studies have also suggested that there may be
a high degree of hemispheric specialization
in the processing of facial information
(Young, 1984). Presentation of faces in the
left half of the visual field (information
processed in the right hemisphere) results in
better recognition and shorter reaction time
than presentation of faces in the right half of
the visual field (information processed in the
left hemisphere). Facial recognition has, at
times, been explained in terms of a general
memory processor that is independent of the
nature of the material to be remembered
(Paivio, 1971), a dedicated face processor




(Diamond & Carey, 1986; Perrett, Mistlin, &
Chitty, 1987), and a general object processor
that is independent of the nature of the objects
(Cohen, 1973; Hay & Young, 1982). One
widely accepted theory is that there are
several different, but coexisting, systems for
processing information held in memory in the
human brain (Tulving, 1985), but it has not
been established that the neural mechanisms
underlying facial recognition are uniquely
different than the neural mechanisms for the
recognition of other objects.

Much of what we know about the
neurophysiology of facial recognition comes
from the study of those individuals afflicted
with a disorder called prosopagnosia, and
from studies of the responses to facial stimuli
by single corcal cells in primates.
Prosopagnosia is the inability to recognize
familiar faces, although individuals with this
deficitare generally unable to recognize other
classes of objects as well (Bauer, 1986).
These deficits are seen in patients who have
cortical lesions near the ventromedial
boundary of the temporal and occipital lobes
of the brain (Damasio, Damasio, & Tranel,
1986). These lesions have been confirmed by
cornputerized axial tomography and
magnetic resonance imaging. Except in very
severe cases, paticnts with these types of
lesions do not exhibit a complete failure to
recognize famihar faces. Instead, there is
most often only a slight to moderate decrease
in recognition accuracy, and a corresponding
increase in the time to make a response. Even
though the patient may deny recognizing a
face, the patient may feel that the face is or
should be familiar. These emotional
responses, or feelings of familiarity, are
believed to result from information that
travels to the limbic system by way of
undamaged pathways in the dorso-medi’
part of the parietal lobe. The exact def..
seen in prosopagnosia depend upon the I
of the lesion, whether the lesion is bilateral L.

unilateral, and the amount of day-to-day
contact the patient has with the individuals to
be recognized. In patients with unilateral
lesions, the deficit is more severe if the lesion
is located in the right hemisphere, supporting
the behavioral finding of a right hemispheric
advantage in recognition accuracy (De Haan
& Hay, 1986). The deficit seems most severe
in patients with bilateral lesions of the
occipital-temporal region. Studies have
shown that when these patients deny
recognizing a familiar individual when
presented with the familiar face, they sull
generate physiological responses, such as
galvanic skin responses, that are similar to
those generated by faces they do recognize.
This suggests that the underlying perceptual
mechanism of recognition proceeds
automatically, and that the deficit is one
involving the cognitive evaluation of the
perceptual information (Tranel & Damasio,
1985). Thus, prosopagnosia is best viewed as
a memory deficit rather than a perceptual
deficit.

There have been several studies in
recent years that have examined the
responses to facial stimuli by cortical neurons
in the superior temporal sulcus of the
temporal lobe of the primate brain. These
cells have sometimes been classitied in terms
of the aspects of the face to which they best
respond, such as tue full face, profile, back of
head, head up, and head down (Perrett,
Mistlin, Potter, Smith, Head, Chitty,
Broennimann, Milner, & Jeeves, 1986).
These cells are very specific in their
responses to faces, and do not respond to
other objects, geometrical patterns, or to
emotionally arousing stimuli, and their
responses are relatively independent of
changes in size, orientation, and shading of
the facial features. There are also other cells
in this area that secem to respond to specific
features on the face such as cyes or mouth. Tt
has been proposed that the “prototypical” full

IR/IED FY89 Annual Report
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face cells would act in concert with the cells
that respond to the smaller facial features to
form a unique set of recognition units for
each familiar individual. Thus, each familiar
face would excite a particular neural template
when the individual viewed the face. It
should be noted that there are other cells in
this area of the brain that respond to other
kinds of features, so it is likely that the
processing in this area is not restricted to
faces.

Event-related Potentials

ERP characteristics, such as component
amplitude and latency, have been used for
several decades as indices of the amount and
kind of information processing taking place
during the performance of the experimental
task. There are two sets of ERP components
that have traditionally been used in studies of
specific perceptual and cognitive processes.
They are identified by the polarity and the
latency of the component relative to the onset
of the stimulus. First, there i1s the PI-N1-P2
complex. This consists of a positive
component that occurs 70-100 msec after
stimulus onset (P1), a negative component at
100-200 msec (N 1), and another positive
component at 200-300 msec (P2). These
components seein to be related to the
perceptual salience of the stimulus, and the
amplitude of these components is affected by
such factors as stimulus intensity, and the
attention paid to the stimulus during the task
(Dinges & Tepas, 1976; Hillyard & Picton,
1979). The sccond set of compenents is
termed the late positive complex (LPC). This
consists of a variety of positive components
between 300-500 msec (P3), and a frequently
positive low frequency wave, or slow wave at
500-800 msec (SW). These later components
have been attributed to both the quality and
the quantity of the cognitive activity taking
place during the task. The amplitude of these
components is affected by such factors as

10

stimulus intensity, probability, and meaning,
as well as the complexity of the task
(Duncan-Johnson & Donchin, 1982,
Pritchard, 1981). In summary, there is a
well-known and relatively well-understood
taxonomy of ERP components that may be
used in the study of the perceptual and
cognitive processes taking place during facial
recognition.

There have been several studics that
have examined the cortical
electrophysiological responses elicited
during object or facial recognition tasks
(Davidson, Schaffer, & Saron, 1985;
Friedman, Sutton, Putnam, Brown, &
Erlenmeyer-Kim!ling, 1988; Kok &
Rooijakkers, 1985; Lang, Nelson, & Collins,
1988; Schulman-Galambos & Galambos,
1978; Small, 1986; Stuss, Picton, & Cemi,
1986). These studies have generally found
that differences in waveform component
amplitude and latency parallel the differences
in response accuracy and latency in
behavioral studies. That is, cortical ERPs
waveform features seem to be affected by the
same vaiiablcs, such as stimulus familiarity,
visual field position, and context, which
affect behavioral accuracy and latency. These
findings have lent support to the proposition
that cortical ERPs directly index individual
performance during facial recognition.

Methods
Subjects

The subjects consisted of 6 male
employees of NPRDC ranging in age from
23-49 years old (mean =35,SD =9.19}. All
of the subjects had normal color vision and
acuity, or had their acuity corrected to
normal. Five of the subjects were
right-handed, and one subject had
mixed-handedness. None of the subjects
reported any history of psychiatric or
neurological disorders.




Stimuli

The experimental stimuli consisted of a
digitized set of both familiar and unfamiliar
faces, and geometric patterns. Twelve faces
were created by digitizing same-size
photographsina 512 x 480 pixel format using
a 16-level gray scale. The familiar faces
consisted of politicians and collecagues in the
lab. The faces were approximately matched
for relative size, contrast (30%), and average
luminance (10 cd/m?). In addition to the basic
set of 12 faces, anoiher set of four faces was
produced from two of the images (one
familiar and one unfamiliar) by increasing or
decreasirg the contrast of each of these two
faces. Thus, a total of 16 different faces were
presented during the experiment. The
geometric stimuli consisted of single and
paired triangles, and a checkerboard pattern
with a fundamental spatial frequency of
about 1 cycle per degree. All of the stimuli
were viewed from a distance of 1 meier, and
subtended a visual angle of about 6 degrees.
The subjects fixated on a small fixation point
located at the center of the screen.

Recordings

Electrical activity was recorded from
two occipital (O1, O2), two parietal (P3, P4),
two central (C3, C4), and two frontal (F3, F4)
electrode sites as defined by the International
10/20 system (Jasper, 1958) using an
Electro-Cap International E1 electrode cap
with tin electrodes. These sites correspond
with the visual, sensory-association, motor,
and frontal areas of the cortex. All sites were
referenced to digitally linked mastoids with
an Fz ground. Electrode impedance was
reduced to less than 3000 ohms. EEG signals
were amplified by Grass Model 12 amplifiers
with a bandpass of (0.1-100 Hz and a gain of
20,000. One second epochs (125 msec
prestimulus period and 825 msec
poststimulus period) were recorded for each

EEG channel, digitized at 128 Hz, and stored
off-line for later analysis. Eye blinks and eye
movements were detected during each epoch
by the magnitude of the activity at sites F3
and F4. Epochs in which the ampiitude of the
activity at these sites exceedec 50 microvolts
were not included in the analysis.

Procedure

After electrode application, each
subject was instructed to sit comfortably at a
distance of 1 meter from the display CRT and
to fixate on the fixation spot. Lights in the
recording room were lowered to produce an
average background luminance of about 1.0
cd/m?. Each subject was allowed to adapt for
approximatcly 10 minutes while the
experimental instructions were being read.
Each subject was then presented with 30
blocks of a randomized sequence of 13
stimuli each. During each block, a total of
eight faces and five geometric stimuli were
viewed by the subject. The stimuli were
presented for a duration of 150 msec, with an
periodic interstimulus interval averaging
2000 msec. The task of the subject was to
report if the face was familiar or unfamiliar,
whether the single triangle was left or right of
fixation, or whether the pair of triangles
pointed up or down by pressing one of two
keys with the right hand. After the session,
each subject was asked to identify which
faces were familiar or unfamiliar to the
subject.

Data Analysis

For each subject, the ERP epochs were
averaged for each of the 16 faces, and then
averaged across the four familiar faces. The
same procedure was repeated for four faces
that were judged unfamiliar for all of the
subjects. One of the problems in analyzing
ERP data is the intersubject variability in
waveform component shape. This rneans that
it can be difficult to determine the exact
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location of the peak of the component, and
consequently, the latency of the component.
Therefore, we chose to analyze the data by a
method that allows for this variability. For
every subject, the ERPs elicited in each
condition were divided into 18 successive 47
msec windows from 46 msec before to 800
msec after stimulus onset. The average
amplitude of the data points within each
window was then calculated. Next, the
differences between the average amplitude of
each pair of windows for the familiar and
unfamiliar conditions at each recording site,
and the differences between each pair of sites
for both the familiar and unfamiliar
conditions were calculated. These difference
scores were used as the dependent measures
in the analyses. The difference scores were
tested for significant deviation from zero with
a t-test.

Results and Discussion

The grand average ERPs for the familiar
and unfamiliar faces for one precentral site
(F4) and one postcentral site (O2) are shown
in Figure 1. The ERPs recorded from the
frontal and central sites had similar features,
and the ERPs recorded from the parietal and
occipital sites had similar features. However,
the ERPs recorded at the anterior sites
(frontal and central) were somewhat different
than the ERPs recorded at the posterior sites
(parietal and occipital), particularly with
respect to the very early components. This is
most likely due to the functional differences
of the cortical areas underlying each
recording site. The ERPs recorded from the
frontal and central sites for both kinds of
faces were characterized by positive
deflections at about 170 (P1) and 390 (P3)
msec after stimulus onset, and a negative
deflection at about 280 (N2) msec. In
addition, the ERPs resulting from the familiar
faces exhibited a late positive slow wave
(PSW) with multiple peaks between 600-875

msec after stimulus onset. The ERPs
recorded at the parietal and occipital sites
were characterized by positive deflections at
about 105 (P1), 205 (P2), and 420 (P3) msec
after stimulus onset, and negative deflections
at about 145 (N1) and 260 (N2) msec. In
addition, there was a PSW for the familiar
faces at the parietal sites with multiple peaks
between 500-875 msec, and a late negative
slow wave (NSW) at the occipital sites for the
unfamiliar faces with multiple peaks between
600-875 msec. The latencies of these
components at each site and for each
condition are shown in Table 1. As has been
seen in previous studies (Lewis & Froning,
1981), there was considerable individual
vanation in the waveform shape and
component latency of the ERPs recorded at
each of the sites, and not all subjects
exhibited all of the components. In general,
we did not analyze differences in component
latency due to these large individual
variations. However, there was one latency
difference that was prominent across
subjects. At each of the recording sites, the
N2 latency was about 16 msec shorter for the
unfamiliar faces than for the familiar faces.

The first factor that we examined was
the difference in the windowed average
amplitude of the ERPs clicited by familiar
and unfamiliar faces. There were no
significant amplitude differences between the
ERPs elicited by the two types of faces during
the prestimulus window at any of the
recording sites. However, there were
significant differences found at many of the
poststimulus windows, and these are shown
in Table 2. The number of significant
differcnces was smallest at the frontal sites,
and this number increased as the locus of
recording shifted toward the posterior sites.
In addition, the number of significant
amplitude diffcrences was greater at sites
over the right hemisphere than at the
comparable sites over the left hemisphere.
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Figure 1. Grand average of ERPs elicited by familiar (solid line) and unfamiliar
(broken line) faces at recording sites F4 and O2.
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There were no significant differences for any
of the 17 poststimulus windows at site F4.
For many of the other sites, there were three
regions of the ERPs that exhibited significant
differences. These were at windows 6-7
(189-283 msec) for all sites except F3 and F4,
windows 10-11 (377-470 msec) for the
occipital sites only, and windows 15-18
(612-800 msec) for all sites except F3, C3,
and P3. In all cases, the familiar faces elicited
ERPs that were more positive in amplitude
than those elicited by the unfamiliar faces.

The second factor that we examined was
the windowed average amplitude difference
between the ERPs recorded at similar pairs of
recording sites. This was to deiermine
whether or not there were any hemispheric
differences in the ERPs elicited by each type
of face. There were no significant
hemispheric amplitude differences between
the prestimulus windows in any of the
conditions. However, there were significant
amplitude differences 1t some of the
poststimulus windows, and these are shown
in Table 3. The number of significant
differences was greater for the familiar faces
than for the unfamiliar faces, and only one
difference was found ir the parietal region.
The significant hemispheric differences were
found to lie in three regions of the ERPs.
These were at window 4 (95-142 msec) for
the parietal-familiar and central-unfamiliar
conditions, windows 7-9 (236-377 msec) for
the frontal and central regions for both
familiar and unfamiliar conditions, and
windows 11-18 (424-800 nmisec) for the
frontal, central, and occipital regions for the
familiar faces. The ERPs recorded over the
right hemisphere were more positive than the
ERPs recorded at comparable sites over the
left hemisphere for the frontal, central, and
parietal regions, but this pattern was reversed
for the occipital region.

16

The results provide strong support for
two conclusions that have been drawn in
previous behavioral studies. First, familiar
and unfamiliar faces appear to be processed
differently in the brain. The data also suggest
that the processing networks are different,
rather than a difference in the amount of
processing in a single neural network. Across
sites, the most consistent difference between
the ERPs elicted by these two types of faces
is in the amplitude of the late slow wave. The
slow wave is more positive for the familiar
than for the unfamiliar faces. These
differences were greatest at the sites in the
parietal and occipital areas of the right
hemisphere. This is in line with lesion studies
which have suggested that the boundary of
the temporal, paretal, and occipital lobes is
the site of processing during perceptual and
cognitive recognition. Second, there was a
distinct asymmetry in ERP amplitude seen
between each of the four pairs of recording
sites. This processing asymmetry was most
prominent between the frontal sites, and least
prominent between the parietal sites. The
asymmetry was greatest for the familiar
faces, and this suggests that there is
hemispheric specialization of the neural
networks underlying facial recognition. It
should be noted that although there were
large individual differences in ERP
components, many of the significant
differences could be seen in the ERPs for five
of the six subjects.

Conclusions

This research has shown that there are
measurable group differences in the
waveform components of ERPs elicited by
human faces based on the familiarity of the
stimulus. These differences are qualitatively
and quantitatively similar to the findings of
previous behavioral and medical studies. The
results suggest that ERPs may be a useful
noninvasive technique to assess the degree of
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learning on tasks which involve making
categorical distinctions between complex
visual stimuli. This may allow direct
evaluation of the effectiveness of different
training techniques, or the identification
those individuals who might benefit from a
particular technique. An important, but not
yet tapped use of this technique may be in
nonverbal interrogation for personnel
security and reliability assessment.

Recommendations

There is a need to continue exploratory
research on this experimental paradigm
within the context of the two potential
applications of this technique. There are four
conditions that must be met before this
technique could be effectively used to make
personnel and training decisions. First, it is
important to establish that these differences
can be seen in the ERPs elicited by different
kinds of visual stimuli using different metrics
of recognition. Second, it must be determined
that the ERP components provide a measure
of the degree to which the stimulus is known.
That is, some measure of the features of the
ERP must correlate with the degree of
familiarity. This means that the waveform
component characteristics must change
during the lcarning process. Third, it is
important to determine if correct ERP
responses can be elicited from individuals
whether or not they deny knowledge of the
stimulus. Fourth, it must be established that
the ERPs that are obtained in this paradigm
can be reliably obtained under a variety of
intervening conditions. Thus, the ERP would
be an unbiased estimate of the familiarity of
the subject.
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Optimization of Nonlinear Objective
Functions and Dynamic Modeling in
Personnel Distribution

Iosif Krass

In many problems concerning the rotation and reassignment of Navy personnel,
a primary objective is the distribution balance of people by skill and pay grade
across locations, types of duty, and major commands. In the Enlisied Personnel
Allocation and Nomination System (EPAINS), this objective was approximated
heuristically. However, in developing a dynamic, long-term planning model for
seaishore rotation, there is the need for a more rigorous solution procedure.
Mathematically, the distribution balancing objectives ae convex nonlinear
functions that should be addressed in the framework of a multiobjective opiimization
problem over a bounded polyhedron. The computer algorithm was developed that
converges to the nonlinear optimal colution of the distribution balancing problem
through linear approximation techniques that do not sirongly change the original
polyhedron. The algorithm is able to handle “hard requirements,” such as minimum
or maximum manning percentages for sea and shore duty, or minimum readiness
levels for specific ships. This approach was named the “Shadow Method” because it
consisted of shadowing or weighting of undesirable area of a nonlinear penalty
function which should be minimized. The “Shadow Method” was successfully tested
onthe Navy's sealshore rotation problem. A computer code was developed to convert
the nonlinear balancing problem, using the “Shadow Method,” i0 a linear

optimization problem.

Background and Problem

In many problems concerning the
rotation and reassignment of Navy personnel,
a primary objective is the distribution balance
of people by skill and pay grade across
locations and types of duty (i.e., Continental
United States, overseas, sea/shore) and major
commands (i.e., Commanders-in-Chief, U.S.
Autlantic and Pacific Fleets). Liang and Lee
(1985) approximated this objective
heuristically and Liang and Thompson
(1987) implemented it in a system of

22

computer programns, the Enlisted Personnel
Allocation and Nomination System
(EPANS), which reassigns enlisted
personnel. Their approach is, technically
speaking, a network implementation of a
convex nonlinear objective function
linearizatior. This convex function should be
minimized over a polyhedron defined b/ a
personnel distribution model. The same kind
of problem arose in assessing a personnel
geographic stability program by Blanco,
Buletza, Liang, and Sorensen (in
preparation), waere the concept of “fair




share” can be mathematically reformulated as
a minimizaton of a convex nonlinear
function over a polyhedron. This “fair share”
approach is rather common in the Navy.
Williams and Whisman (in press) discuss the
need for a “fair sharing” algorithm connected
with allocating Summer Cruise slots on Navy
ships to the Naval Reserve Officer Training
Corps (NRC" ) schools. Distribution
balancing, which is a version of the “fair
share™ concept, is also one of the gozls that
should be reached in allocating personnel to
transitory jobs, such as recruiters and
instructors (see B-K Dynamics, Inc. (1985)).
The problem gets even more complicated
when personnel distribution is considered for
more than one planning penod. For example,
the sea/shore rotation problem discussed in
Sorensen and Jones (1984) or Charnes and
Cooper (1984) is a typical multiperiod
distribution problem. This kind of problem
required dynamic modeling, which can be
done through network implementation, like
in Charnes and Cooper (1984), or
analytically, using the von Neumann
approack, which is very well known in
economic dynzmic modeling as discussed by
Morishima (1964). As it was shown in
Blanco, Krass, and Louie {1988) and Krass
(in press), the von Neumann approach can be
successfully applied to modcl a sea/shore
mtation problem with fixed tour lengths or
with a flexible tour or credit systemn. Because
of the dynamic nature cf sea/shore rotation, it
was not feasible to use the heuristic algorithm
as in Lec and Liang (1985) to minimize the
convex nonlinear function. We needed to
develop a new approach--"shadow method”
(Krass, in press). This method is a further
development of the “interval” approach by
Chames and Ceoper (1977) or the piecewise
approximation of a convex function
minimization as it is done by Danzig (1963)
or Kennington and Helgason (1980). Hannan
(1985) further discussed these methods of
minimizing convex nonlinear functions.

Objective

"The main gbjective of this research was
to develop an improved computer algorithm
that converges to the nonlinear optirnal
solution of a convex minimization problem
which does not strongly change the original
polyhedron: a network with a few side
constraints. This algorithm should be able to
handle “hard requirements,” such as
minimum or maximum manning percentages
for sea and shore duty, or minimum readiness
levels for specific ships. Also in the research,
we will develop a systematic method for
dynamic modeling of multiperiod assignment
problems.

Shadow Method

This section provides the technica! base
for a method of solving the convex
programming problem, which we called the
Shadow Method.

Let

¢(y): R™— R!

be a convex separable function with

m
Q) = k\;} 0. (1)

Let B C R"be a bounded polyhedron and A be
an m x » matrix. Consider the convex
program:

min (y) 2)
