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PREFACE

This paper is one of a series of occasional, informal
accounts of work in the Division of Neuropsychiatry at the
Walter Reed Army Institute of Research. The reports
generally address topics in Army preventive medicine for
which implementation responsibility lies significantly
outside the Medical Department. Although their contents
may overlap partly with our publications in the scientific
literature, most papers are based on trip reports, brief-
ings, and consultations involving specific Army audi-
ences. Comments to the senior author are welcome.
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This work was sup.orted by Research Area III -- Health
Hazards of Military Systems -- of the U.S. Army Medical
Research and Development Counmand; MG Garrison Rapmund,
Commanding.

The material presented in this report is an expansion
and reformatting of material prepared by the author for
inclusion in an Ad Hoc Study Group Report to NATO Panel
VIII. The changes that have been made were dictated by the
desire to have this document stand alone and to reflect
more accurately issues of concern to the United States ,
Army. The author is deeply appreciative of the many
from the WRAIR, the ARI, NATO, the Naval Medical Research

Center, the U.S. Army Concepts Analysis Agency, and the .

U.S. Army Soldier Support Center. Helpful as these many
individuals have been, they cannot be held responsible for
any errors in the contents of this report.
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I
INTRODUCTION

-- ":Success on the ba' efield depends in large measure
upon the ability of commanders and leaders to exert control
over the response of their troops to those elements of the
strategic and tactical situation that define the nature of
the battlefield. These battlefield elements create the
environment within which soldiers must perform and, as
such, constitute the set of situational variables that
establish the character of the psychological and physio-
logical demands which are placed upon soldiers. The
demands placed on soldiers determine their capacity to
sustain effective military performance.

Warfare must be considered one of the most demanding
human occupations. The price of poor performance is not
only high, but is often exacted with an immediacy that
greatly increases the psychological and physiological
impact of errors on combatants. The goal of combat is to
break the opponents' will to continue an engagement while
maintaining one's own capacity to fight. Poor performance
and resulting errors sap the willingness of soldiers to
sustain effective military performance when they face a
deadly, confusing, and chaotic battlefield. ,_

The capacities to sustain intellectual and cognitive
effort, to maintain appropriate affect, and to accomplish
hard physical work all degrade as a joint function of the
intensity and duration of combat. Commanders and leaders
must recognize and understand the operation of these
factors and make their control an integral part of the
preparation for and conduct of any warfare. The uniqueness
of sustained warfare, as currently conceptualized, lies in
the expectation of quantum leaps in combat intensity, a
dramatic collapse in the time dimension of war, and the
introduction of new technological capacities. Doctrine
that is soundly based on the realities of the modern
battlefield is required to guide both training and opera-
tions.

Currently, there is heated public debate in the United
States concerning women in combat roles. Much of this
debate is based on political and philosophical issues that
are beyond the scope of this report. The commentary
offered here is based upon the assumptions that:

a. significant numbers of women will be present in



forward and rear support areas;

b. these women will be engaged in critical military
roles;

c. they will share in the risks created by long-range
fires, air attack, attempted ground interdiction of rear
areas, and nuclear/chemical threats.

Thus, female soldiers face the high probability of
becoming casualties in significant numbers. Further, it
seems highly probable that the exigencies of the highly
mobile and fluid battlefield will, perforce, involve women
directly in the hasty defense of threatened positions.

Various drugs have had long histories of use by
soldiers on and near the battlefield. Alcohol, in all of
its various potable manifestations, is perhaps the most
common drug that has been used and abused by soldiers in
battlefield environments. Opiates, cannabinoids, depres-
sants, and stimulants have also been used whenever avail-
able. The usage patterns of these and other drugs has been
both recreational and medicinal. Self-medication and
utilization of informal sources of supply have been common
patterns. The issues raised in this report are limited to
the possibilities of developing and deploying drugs mainly
as prophylactic agents against specific threats and in
support of specific aspects of human performance. The
nature of the prospective battlefield dictates that the
predominant usage pattern of such drugs will, in all
probability, be self prescription and self-medication.

One necessary component of the process by which
military doctrine is developed must be a scientific data
base whose content is appropriate to the realities and
conditions of the prospective battlefield. This report
will review those battlefield conditions, discuss their
impact on soldier performance capabilities, and outline
imm•ediate and future research requirements for scientific
work in support of the development of appropriate human
technology and implementing doctrine.

This, most assuredly, represents an immodest set of
goals. A work of this nature is necessarily projective,
futuristic, and therefore doomed to be incorrect in its
particulars. The pace of innovation and our inability to
foresee all of the implications that flow from the intro-
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duction of a particular new technological element guarantee
the latter. However, the soldier as a biological entity
remains fundamentally unchanged. Battles will continue to
turn on his capacity to sustain and prevail under horren-
dous conditions. Therefore, we will take the soldier as
our benchmark and our touchstone in an examination of the
modern battlefield. If the report that follows leads to
the kind of debate, discussion and action that will assist
in the development of a more able and effective force, it
will have achieved its goal.

MILITARY SITUATIONAL STRESSORS
AND HUMAN PERFORMANCE FACTORS

The impact of the sustained battle on its participants
must be understood in terms of three interlocking sets of
variables.

The first set involves, those situational features of
the prospective battlefield that have undergone significant
change in recent years. These changes involve variation
and intensification of both the threats to be met and the
requirements that must be mastered to produce combat
success.

The second set of factors are composed of those
elements that affect the performance capacity of individ-
uals in any situation. They represent the translation of
the general battlefield situation into those elements that
impact directly on individual performance capacity. These
factors characterize a particular work or operational
position and affect any occupant of that position. For
this reason, they are termed external factors.

The final set of factors characterize individual
soldiers and represent the personal determinants of their
performance capacity on the battlefield. These factors are
susceptible to modification by interventions related to
selection, training, preventive medicine, etc., and repre-
sent the basic elements of the preparation of soldiers for
sustained warfare. These are termed biological factors..
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The Battlefield Situation

Eight situational changes in the prospective battle-
field that affect the nature of the threat and derivative
requirements are identified and discusse4.

The Evolution of Conventional Weapons. Combat will be
conducted under conditions of unprecedented lethality that
are attributable to the use of sophisticated conventional
weapons. The nature of conventional weapons has and will
continue to evolve and mutate in ways that increase the
intensity and impact of the threats perceived by partici-
pants. There will be a similar evolution in the responses
to new weaponry whose goal is to protect and defend. The
interplay of threat and response, as interpreted by sol-
diers, will determine the psychological impact of these
developments.

The Nuclear and Chemical Threat. Nuclear and chemical
weapons will have a high probability of employment. The
probability of employment will be high enough to make the
threat of use a reality that affects the behavior of
combatants. If chemical threat assessment leads troops to
undertake protective measures, the impact of their actions
on mobility and performance capability will approximate
that of an actual attack. The contagious fear associated
with the perception cf imminent nuclear or chemical attack
will provide fertile ground for the development and spread
of insubordination, panic, or mutiny.

Command Initiative and Independence in Action. A
widely dispersed battlefield, high mobility, electronic
warfare and nuclear related EMPs will -combine to make
communications difficult, at bpst. A premium will be
placed on independent action by maneuver units and on
command initiative at all levels. It will be difficult,
perhaps impossible, for more senior commanders to "see the
battlefield" accurately and in a timely fashion. There-
fore, more junior commanders must be prepared to maneuver
and fight in effective isolation, guided only by broad
tactical guidelines.

The Sustained Operations Requirement. Echeloned
attack, night vision technology, and electronic warfare
will increase the number of combat nulses per day experi-
enced by the forward maneuver elements. The three to six
pulses of combat per day experienced during heavy combat in

-4-



WWII can be expected to increase to nine to twelve pulses
per day on the prospective battlefield. This increased
temporal density of combat will create an increased perfor-
mance demand on all combat support elements. The effect
will be to force support elements into a sustained or
continuous mode of operations. The requirement to repair
damaged equipment in or very near to the forward are of
engagement will expose support elements to near combat
conditions. The exposure to casualties and fatigue that
have always been the lot of the front-line soldier will
penetrate more deeply into the force than has hitherto been
the case except during major retrograde maneuvers.

The Night Operations Requirement. Night vision and
related technologies will significantly increase combat
activity during the hours of darkness and bad weather.
Weapon systems whose target acquisition, aiming, and
navigation systems habitually operate independently of
ambient visibility will fight at night as during the day.
However, weapon systems that depend for effective func-
tioning upon broader human perceptual orienting capabil-
ities will fight differently at night than during the
day. The extensive use of smokes and obscurants to obtain
tactical advantage wil). significantly alter the ground
visual environment during daylight and adversely affect
orienting capability. A narrowing of perceptual fields is
a normal consequence of exposure to the stress of combat.
The heavy dependence that will be placed on vision support
systems operating in darkness and smoke may be expected to
interact with this phenomenon.

The Rear Area Casualty Threat. The zones of immediate
and potential lethality will extend into areas that hereto-
fore have been relatively free of hazard. The actuality
and threat of long range indirect fire, tactical air
attack, and air mobile assault will change the nature of
rear area operations. These threats will generate physical
and psychological casualties at rates above those previ-
ously experienced.

Innovative Casualty Management. The conditions of the
integrated, sustained battle environment will create
unprecedented loads on medical support systems. At the
same time, manpower limitations will place a premium on
force conservation at all functional levels. Questions
concerning who will receive what medical services, when and
where, must be addressed.
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Organization for Sustained Operations. The prospect
of sustained operations at all command levels must be
conceptualized as a forcing function that will have broad
impact on organizational structure and procedure. Limita-
tions on the capacity to sustain effective military perfor-
mance must influence manning policies. The nature and role
of reserve forces mu3t be examined. Training that is
specifically designed to prepare for sustained operations
must be undertaken.

External Factors Affecting Performance Capability

The rate at which individual resources are expended in
military performance is determined by the complex inter-
action of six external factors. These external factors
determine the nature of the performance to be accomplished,
where it is to be done, how it is to be done, and when it
is to be done. The factors are independent of the individ-
ual doing the work and anyone occupying a particular posi-
tion would face the same set of external demands.

Muscle Demands. Task-related requirements to utilize
large muscle systems to move self, equipment and supplies
around in the environment. Load levels, type of movements
required, and speed of movement must be considered. All
terrain features that impede or facilitate movement direct-
ly, or indirectly, e.g., through changes in vehicle hand-
ling characteristics, must also be considered.

Perceptual-Motor Demands. Task-related requirements
for coordinated fine muscle movements as exemplified by the
eye-hand coordination requirements associated with mainten-
ance activities and the operation of many weapon systems.
Target acquisition in optically aided systems and target
tracking are prime examples. Since skill in meeting such
demands generally requires extensive t:aining, relief and
replacement will create special management problems.

Cognitive Demands. Task related fequirements for
vigilance, information processing, communication, and
decision making as exemplified by C3 activities. Under the
very best of conditions, the environment of the battlefield
is chaotic. The information that is absolutely necessary
for effective cognitive functioning is often buried in a
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confusing welter of noise. Often, the information needed
to guide action is absent, insufficient, or qualitatively
poor. At the other extreme, modern technology has the
clear capability of providing too much information in ways
which can overwhelm individual processing capacity. Per-
sonnel trained to meet cognitive demands are the most
limited manpower resource. Since their actions guide the
performance of others, their management poses especially
difficult problems.

Emotional Demands. Situational elements related to
the threat of personal harm, the killing and wounding of
comrades, and other elements that induce intense anxiety
and fear, perceptions of helplessness, higher states of
arousal, and/or higher metabolic activity. Under condi-
tions of extreme emotional demand, especially where
individuals perceive that they are helpless and unable to
influence events, they may become completely incapaci-
tated. Emotional demands are heavily influenced by
perception and experience. They will be highest during
initial exposure to combat. While the intense fear stim-
ulated by combat will not disappear, the experienced
soldier will develop behavioral and emotional coping
mechanisms that enable him to sustain performance. The
impact of increasing levels of emotional demand on perfor-
mance capability is not linear. Moderate to high levels of
demand can facilitate optimal performance in well-trained
individuals.

Environmental Demands. Situational elements related
to cold, heat, altitude, humidity, rain, noise, vibration,
motion, etc., constitute the major environmental demand
elements. Loads created by the use of protective clothing
must be considered. The impact of these elements extends
beyond their effect on personal comfort. Human biology is
characterized by a complex set of adjustment mechanisms
that operate to maintain internal body conditions within
relatively narrow boundaries. Environmental extremes, or
extended exposure to lesser demand, will overwhelm the
adjustment capacity of these mechanisms. The consequences
of failure to maintain appropriate internal body conditions
are ineffective performance, illness and incapacitation,
and death.

Temporal Demands. Situational elements which deter-
mine when performance must be done, e.g., day or night, and
the pace at which performance must be accomplished. In
addition to the temporal patterning of performance demands,
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the duration of demand without significant respite must be
considered. Maximum performance sustainability is achieved
when the pattern of activity and rest matches the pace of
environmentally driven demands. The environmental
day/night cycle has biological impacts that extend beyond
changes in visibility. The entire internal economy of the
individual undergoes a complex set of rhythmic variations
over the course of twenty-four hours. This variation
results in alterations in the body's capacity to respond
and adapt to the entire range of external factors outlined
in the preceding sections.

Internal Factors Affecting Performance Capability

While the constellation of external demands associated
with a particular position affects anyone occupying the
position, the impact of demands and the actual rate of
resource utilization by a -particular individual is also
affected by five internal factors. These are:

Physical Fitness. The greater the ae:obic and anaer-
obic capacity, i.e., stamina, an individual has, the lower
the relative rate of resource utilization at work and the
higher the relative rate of resource recovery with rest.
While these relationships clearly hold for tasks involving
muscle demand, there is ample reason to believe that they
also i.nfluence cognitive work capacity as well. It is
obvious that resources expended in the establishment and
maintenance of high levels of physical fitness pay high
dividends in the combat environment. It is less obvious
that those same high dividends will accrue in the entire
gamut of combat support operations. It is a central theme
of this report that the pace of the modern battlefield will
drive the entire operational chain that supports the combat
soldier. Therefore, it follows that the loss of perfor-
mance capacity and sustainability associated with poor
physical fitness will be reflected throughout the force.

Age. Total resource capacity, rate of resource
utilization and rate of resource recovery appear to vary
with age. Rate of resource utilization appears to be
directly related to age. Rate of resource recovery with
rest appears to be inversely related to age. For present
purposes, we beg the question of whether it is rate of
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utilization, resources available, or some combination of
both that is operative, the net effect is the same: older
individuals tire sooner and require longer to recover than
younger individuals. Age, in military contexts, is accom-
panied by higher rank and greater experience. Experience
may lead to the adoption of behavioral strategies (such as
pacing) which operate to increase performance sustain-
ability. The increased responsibility that accompanies
higher rank also operates to increase performance demand.
How these factors interact in operational settings to
modulate the impact of age on performance sustainability is
not well understood. See Task Skills below.

Task Skills. The performance skills an individual
brings to a task determine the facility with which perfor-
mance can be accomplished. The congruence between task
demands and task skills has a strong influence on psycho-
physiological activation. Increased performance effort
results in a higher rate of resource utilization directly
and indirectly in terms of increased levels of anxiety and
frustration. Highly overlearned and practiced skills are
less prone to disruption by competing demands, fatigue and
other stressors. In addition to specific task related
skills, more general issues concerning the organization and
structure of work must also be considered. Maintenance of
task prioritization, economy of work flow, and avoidance of
extraneous demands have positive effects on both work
output and sustainability.

Health Status. Many common diseases, e.g., upper
respiratory infections or gastrointestinal distress, may L
not remove individuals from duty status, especially under
high demand conditions. However, these diseases constitute
a stressor which increases the rate of resource utilization
and impairs resource recovery. Historically, infectious
disease have been the major source of casualties in mili-
tary organizations. Even in the face of enormous strides
in preventive medicine and sanitation, infectious disease
remains the prime casualty generator. The integrated
battlefield is subject to disease hazards beyond those
created by the use of biological warfare. Intense stress
impairs normal immune system competence. Low level, p
nonlethal exposure to nuclear radiation lowers the capacity
of the body's immune system to resist infection by common
disease agents. Intermediate radiation doses are noc
immediately fatal but create a pattern of deteriorating
health extending over days and weeks.

9
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Psychological Fitness. The wartime environment is
characterized by many sources of stress that are either not p
commonly present in peacetime or, if present, are attenu-
ated in intensity. While the number and intensity of these
psychological stresses increases with proximity to combat,
projections for future combat indicate that wider areas of
serious threat will exp-.se greater numbers of soldiers to
higher stress levels than have been generally experienced
in prior wars. Modern technological capacities will open
wide areas of the zone of communication to attack. Areas
that in past experience were rightly perceived by soldiers
to be safe will become areas of risk. Doctrine that calls
for the dispersal of combat elements on the battlefield
will increase unit and individual isolation. Isolation on
the battlefield places a severe strain on individual coping
resources. Stress increases the rate of resource utili-
zation and impairs resource recovery. Thus, an individ-
ual's skill at coping with stress is a factor in perfor-
mance sustainability. Training and preparation that
increases both the range and quality of the soldier's
psychological fitness will pay military dividends in the
same coin as enhanced physical fitness.

MILITARY IMPLICATIONS

Leadership and Command

Good leadership and high morale can induce highly
skilled soldiers to perform extremely well under very
adverse conditions. However, there is a cost for that
performance which mounts inexorably with continued demand L
and which must ultimately be paid. The stimuli of leader-
ship and morale do not halt the complex process of individ-
ual resource utilization and will ultimately increase the
rate of utilization as the effort expended is increased to
meet demand. Esiential military performance will remain
intact for varying periods of time depending upon the
weight of demands. However performance will slow down,
future oriented and self-care behaviors will drop out and
"dumb" errors will increase in frequency as fatigue exacts
its price. It is an essential task of military leaders to
utilize the human resources they command in a manner that
will not only maximize the probability of successfully L
completing their current mission, but to conserve what
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resources they can for the mission that will surely follow.

Leadership and the Control of Fatigue. Leadership can
exercise this resource conservation role in the sustained
operations environment by matching the capacities of men
and the pace of their performance to the demands of the
situation. This role assumes particular importance when
replacements are at a premium, or simply unavailable. 7
While casualties are a fact of war, unnecessary casualties
are clear indicators of poor leadership. If commanders are
otherwise well prepared, errors of omission and commission
are often the consequences of fatigue that seriously impair
cognitive functioning. These errors produce casualties.

Appropriate management of fatigue for the commander
and his troops is a leadership function that cannot be
denied. Work/rest discipline becomes an important issue in
force conservation whenever soldiers must extend the
intensity, duration, or timing of their activities. Under
these conditions, leaders must not only be concerned with
how soldiers do their work, but with how they take their
rest. Effective rest discipline is heavily dependent upon
the behavior of leaders who, through precept and example,
set the behavioral expectations within a unit or staff
organization. The leader who effectively delegates task
responsibility among subordinates and then fails to avail
himself of the resulting opportunity to rest, sets a poor
example for others and himself suffers a self-inflicted
wound.

A recent field study has shown that commanders and
their staffs are likely to have strong personal views about
what their own rest discipline should be. Sleep and rest
are often planned for and taken in accordance with their
views. Two weaknesses of this individualistic approach
were observed. Commanders appeared to be insensitive to
the impact their sleep/rest patterns had on subordinates
and, their patterns bore little resemblance to what might
be expected on the basis of a contemporary scientific
understanding of the biology of sleep.

Leadership and Change. The successes and failures of
military command and leadership are significant determi-
nants of the outcome of battles and wars. It can be argued
that leadership and command functions are most critical
when technology rapidly alters the face of battle. The
prospective battlefield is clearly one in which the nature
of battle is undergoing radical changes, the implications
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of which will be as profound as those that accompanied the
introduction of the long bow, the repeating rifle, rifled
artillery, and the machine gun.

Perhaps the most critical changes resulting from the
new technology are those related to the increased intensity
of combat and its compression in time. In terms of the
exercise of command functions, months will become weeks,
and weeks will become days. There will be very little time
available for leaders and commanders to learn the new
lessons that exposure to battle under new conditions
inevitably teach. Perhaps the cliche that commanders
prepare their troops to fight the last war, to the extent
that it is true, represents the greatest hazard we face.
Commanders must prepare their troops and themselves to
fight the next war.

Recommendations for the Development of Doctrine.
These preparations for battle must be supported by human
factors research conducted with the same priority we devote
to the development of weapons systems. While the battle-
field remains the ultimate testing ground of military
technology and doctrine, it-is a poor laboratory for their
research and development. Areas requiring concentrated
effort include:

Training for sustained operations. The development ofeffective training methodology to prepare troops to fight,

survive, and win under sustained battle conditions. The]
many difficult political and social issues that surround
realistic, and thereby more hazardous, training must be
addressed. Training time for soldiers in garrison is
scarce due to the many requirements to address non-mission
related needs of the soldier. Training for sustained
operations is expensive. Equipment used in such training
is likely to suffer damage which, while painful to the
"zero defect" mentality, provides an excellent opportunity
for the realistic training of support personnel. The
requirement that commanders specifically address and * -

implement appropriate rest doctrine for their troops and
for themselves must become an integral part of their own
performance evaluations.

Development and maintenance of small group cohesion.
The development of techniques to produce rapid and effec-
tive military group cohesion at the company level and
below. Particular attention must be paid to the problems
associated with the reconstitution of survivors and the

-12-
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integration of non-combat arms personnel into effective
military units. The integration of replacements into small
units normally occurs after some shared combat experi-
ence. Until this bonding takes place the replacement is at
significantly higher risk than are his comrades. The same
can be said of a unit composed of strangers. The compres-
sion of time on the modern battlefield dictates that this
natural process be accelerated, if possible.

Maintenance of interpersonal communications. The
refinement of techniques for maintaining effective vertical
and lateral communications for the purpose of minimizing
confusion within and between units. Emphasis here is
placed on the informal communications that not only promote
bonding between soldiers and between soldiers and their
leaders, but which also serve to reduce the uncertainty
that is a significant stressor in battle.

Command decentralization. The refinement of tech-
niques for maintaining effective command functioning while
at the same time maximizing subordinate initiative and
sustaining decentralized functional capacity. The tac:tical
requirements for dispersion, concealment, communications
discipline, and night operations will significantly in-
crease the loads on small unit commanders and leaders.
Given the expected lethality of the prospective battle-
field, careful attention should be paid to the question of
sudden and widespread command succession.

Impact of casualties on leaders. The burden of
casualties affects all soldiers in a unit, but perhaps none
so greatly as the unit leader. Issues related to condi-
tioning commanders at all levels to cope effectively with
high casualty rates must be explored. The issue must be
approached not only from the perspective of maintaining
unit effectiveness, but also in terms of reducing intense
and debilitating psychological stress and maintaining
effective command performance.

The Distribution of Performance Loads: Shiftwork

We define performance sustainability as that period of
time during which competent performance can be maintained
without the intervention of significant situational changes
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that provide release from work requirements. A period of
release from these requirements normally involves a period
of rest. However, such periods may also include a variety
of other behaviors, including self-maintenance, recreation,
and occasionally, other less demanding work. The critical
factor for maintaining performance capability appears to be
the temporary reduction of performance requirements.

A General Performance Sustainability Model. In
general, the demand characteristics of work determine the
rate at which individual resources are expended. Rest
restores resources and makes them available for expenditure
in future performance. If the resource depletion created
by performance demands is matched by the resource restor-
ation provided by rest, then the equation balances and a
particular work/rest schedule can be expected to maintain
itself indefinitely. If, on the other hand, resource
depletion exceeds resource restoration, a net resource
deficit accrues. Typically, the imbalance is redressed by
the interpolation of longer periods of rest that may
require days. Serious resource deficits may require weeks
of altered activity to achieve full restoration of perfor-
mance capacity.

Shiftwork Recommendations: A Caveat. It is clear that
tasks and situations differ widely in the wartime environ-
ment. It is also clear that there is broad individual
variation in terms of the psychobiological factors listed
above. The critical determinant of the performance sus-
tainability of a particular individual, in a particular job
and setting, is a function of a complex interaction between
the previously discussed external and internal factors.
Very little scientific research bears directly on the
interaction of these factors as they operate in concert,
and in wartime environments. Previous research has focused
on single factors or, at most, on small subsets of fac-
tors. There is reason to believe that the impact of the
factors does not combine in a linear fashion, but that they
interact in a synergistic manner. Under this condition,
simple summation and extrapolation from single factor
research findings will likely lead to overestimations of
performance sustainability.

The Organization of Performance Periods. Three
separate periods must be considered if performance is to be
organized in a manner that permits work to be sustained and
effective over some target period of time. These are:
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a. the work day,

b. the work week, and

c. the work month.

The method of organizing performance periods depends
upon the most important features of the environment that
create the performance demand and upon the personnel
resources available to meet the demand. If the environ-
mental demands are very great, attention must be centered
on the work day since it is the longest required period of
unbroken activity that controls the need for subsequent
restoration periods. If restoration cannot be accomplished
within the framework of the work day, the work week must be
carefully organized, and so on. If, on the other hand,
long-term sustainability is the central issue, the organi-
zation of performance should proceed backwards to the work
day from the longest performance period that is required.
Continued high performance demand, attrition of the force,
and the absence of replacements will provide a set of
conditions under which the performance/restoration equation
cannot be balanced. Resource deficits will mount inex-
orably and the rate of production of fatigue-related
casualties will increase as operations are sustained in
time. Realistic planning requires that close attention be
paid to minimizing the rate of increase of such casual-
ties. It is wishful thinking to believe that fatigue
casualties can be eliminated from the prospective battle-
field.

Shiftwork on the Battlefield. The demands of the
prospective battlefield will require shiftwork wherever and
whenever possible to sustain performance capacity. The
exact nature of that shiftwork must depend upon the avail-
ability of soldiers, the interaction of the factors that
determine workload, and the projected period of sustained
operation. No single prescription can be given.

The performance demands in the vicinity of the forward
areas of contact will be such that rest will be fragmentary
at best, and it will be dictated by the nature of the
battle. Forward support elements will find themselves with
neither the manpower, the immediate support base, nor the
opportunity to mount effective shiftwork schedules. These
soldiers will operate in much the same way as the combat
arms in terms of sustained periods of activity with too few
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opportunities interspersed for rest. The fragmentary rest
episodes available to such soldiers will be of poor quality
and unlikely to prevent the accumulation of significant
fatigue loads.

Further to the rear, troops will have the resources
and the opportunity to organize their activities into
shifts in order to sustain performance. Shiftwork models
based on civilian patterns will probably be adequate in far
rear areas and in occasional instances further forward.
However, this problem represents an urgent priority for
research. Such research must be coordinated w4th manpower
planners in order to capitalize on reciprocal feedback.

Historical Experience. A U.S. Army regulation that
has been in force since 1944 states that the total work
time available to soldiers is 12 hours per day, 365 days
per year for a total of 4,380 manhours. Tne regulation is
silent on the subject of how those twelve hours are to be
distributed across the day. Historically, commanders have
resorted to a variety of shiftwork schertes in order to
fulfill mission requirements. Perhaps the most familiar of
these is the maritime watch-system that employs basic four
hour duty periods and eight hour rest periods that alter-
nate around the clock. This system also employs two short
watches called dog watches that have the effect of cycling
a crew member's work periods through every hour of the day
and night over a period of time. Two and four hour guard
duty rotations have also been commonly employed.

In each case, the shiftwork system that evolved for
particular applications was the result of a set of consid-
erations involving the desired outcome of the work, the
availability of personnel, and a perceived set of human
limitations respecting work sustainability. Such factors
as the rigors of weather, the duration of physical effort,
and the ability to maintain vigilance all played a role in
determining the work schedule that evolved into common
use. However, due caution should be exercised in applying
military precedents to conteimporary needs. For example,
guard duty on a picket line and guard duty mounted in front
of an electronic warfare monitor scope both require intense
vigilance and sustained concentration. However, perf or-
mance sustainability in each case will be different.

An Empirical and Pragmatic Approach to Military
Shiftwork. The foregoing suggests that no single system-
wide work/rest doctrine will meet the full range of support
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activity requirements. Instead, an integrated family of
such doctrines must be developed in which each is particu-
larized to meet the operational requirements of different
combat and support elements. Training for sustained
operations can provide the proving ground on which the
operation and effectiveness of shiftwork schedules are
tested and verified. Candidate schedules should be select-
ed on the basis of an analysis of both civilian and mili-
tary experience. Both concern for and research on the
industrial hygiene of shiftwork have been areas of increas-
ed activity during the past decade on both sides of the
Atlantic. The existing data base can serve as a useful
basis for the development of rationalized military applica-
tions.

Strategies for Supplementing Performance Sustainability

The previous discussions have emphasized control of
the distribution of work and rest periods as a means of
extending performance capability. The general approach
taken has been to maximize opportunities for rest within
the constraints established by local battlefield situa-
tions. In this section, the discussion will center on some
strategies for improving performance sustainability by
altering the way in which soldiers do their work and
exploit their opportunities to rest.

The Alteration of Internal States. The soldier who
cannot take full advantage of all opportunities to rest is
not only spending his resources without purpose, but is
incurring an additional fatigue debt that will limit his
future performance potential. While this is relevant for
all soldiers, it is especially important for commanders and
leaders who bear special responsibility for the care of
their troops. The accumulation of sleep debt over time
awake is inexorable. The very nature of the commanders'
role dictates that they will have fewer opportunities for
rest than their troops. Therefore, it is imperative that
they derive full benefit from available opportunities to
rest.

There is a body of contemporary research which strong-
ly suggests that individuals can learn to alter their
internal physiological states in desired directions.
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Techniques for achieving clinically significant alterations
in muscular tension and in parasympathetic/sympathetic
nervous system balance are now routinely taught to a
variety of patients for the purpose of achieving desirable
therapeutic goals. A closely related body of research
suggests the existence of a biological mirror image of the
classical "fight or flight" reflex that is associated with
intense sympathetic nervous system activation. It is
suggested that these lines of work be extended and develop-
ed to create appropriate military behavioral technologies
for improving soldier sustainability on the battlefield.

The Alteratior. of Individual Behavioral Functions.
Fatigue significantly alters an individual's capacity to
both sustain attention to a particular task and to divide
available attentional capacity between two or more tasks.
In the first case, highly relevant cues and signals provid-
ed by the environment are more likely to be missed as
fatigue loads accumulate. In the latter case, the outcome
of a failure to divide attention successfully are likely to
be more complex.

Many actions on the battlefield depend upon maintain-
ing a blending of requirements to respond to immediate p
demands as well as to respond in preparation for meeting
foreseeable future demands. Immediate response demands
have greater salience for the control of behavior than do
future response demands, in the best of circumstances.
Under conditions of intense fatigue, the maintenance ofappropriate task prioritization fails and, in extreme •i

cases, individuals adopt a purely responsive mode of
activity. Ultimately, even the responsive mode of action
fails.

Even in cases where some rest is possible, individual
performance will benefit from the use of mnemonic aids,
time structuring techniques, and other similar performance
supports as means of combatting fatigue-induced cognitive
deficits. The learning and use of such strategies should
not be left to chance and individual whim. Instead, their
employment should become an explicit part of the prepara-
tion and training for sustained operations.

Group Behavioral Functions. In modern warfare, indi-
viduals perform as members of small teams and crews that
are organized as functional units. The manner in which
such teams function in high demand environments is pro-
foundly affected by the way in which they distribute their
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activities. Task distribution to spread workloads and tasK
sharing to provide redundancy and q:-lity control are
important principles to be followed in sustained, high
demand operations.

The fundamental pri7-ciples involved are auite
straightforward and well-known. If individual attention is
likely to be defective, then provide redundant capacity to
detect signals or to catch errors. If individual attention
cannot be successfully divided among tasks, then redistrib-
ute the requirement between people. It is too late to put
these principles into effect once combat has begun. Once
again, the strong recommendation must be that the use of
such performance supports be made an explicit part of
preparation and training for sustained operations.

Technological Support for Sustained Operations. The
interface between the soldier and his weapon system must
always be 3tructured in a fasaion that meets the needs of
both men and sy'stems. However, since the requirements of
the weapon system are the product of design and engineering
decisions, they are more readily modifiable than are the
biological capacities of the soldier. Further, it is not
sufficient to design a system interface on the basis of the
capacities of the optimally fit operator. The issue here
goes beyond that of the soldier who has marginal perfor-
mance capacity when well-rested to that of any soldier
performing under the loads imposed by the sustained bat-
tle.

Designers must not only answer the question "Can this
system be operated effectively under high fatigue?", but,
"Will this design actively support performance under
conditions of high fatigue and stress?" Automation simply
to reduce workload and skill requirements provide only a
partial solution to the problems under consideration. The
remainder of the solution must rest upon the utilization of
computer technilogy to monitor, assess, and support
operator performance capacity wherever possible.

For example, the content, sequence, and timing of most
military tasks are, by design, highly standardized and
formalized. Long military experience has shown that such
task structuring, accompanied by extensive task over-
learning, produces performance that is resistant to the
impact of fatigue and stressors. The content, sequence and
timing of operator inputs to weapon systems contain infor-
mation about the psychological and physiological status of
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the operator. A truly "intelligent" system would be
programmed to monitor and evaluate these input charac-
teristics, to recognize the status of the operator, and to
use that information to aid the performance of the opera-
tor.

More is intended here than simply the addition of new
alarms, prompts, and simplified displays. Machine inter-
faces that incorrectly assess the competence of the oper-
ator are counterproductive. Unnecessary alarms are soon
ignored and the attendant danger that real alarms will be
similarly ignored quickly rises. Excessive prompting is an
impediment to skilled operation and, under appropriate
conditions, complex displays can facilitate performance.
What is being suggested is the sophisticated application of
these performance supports when their utility has been
automatically determined by the system.

Unit Reconstitution and Unit Replacement

If attrition of forces in the Covering Force Area
(CFA) and the Main Battle Area (MBA) approaches expected
levels and if reserves who have been committed relatively
early in the engagement suffer similar losses, then the
issue of unit reconstitution will assume great impor-
tance. It is highly likely that units, rather than indi-
viduals will be replaced. It is also likely that these
replacement units will be created ad hoc from the remnants
of other combat units, from returned casualties, and as a
result of levies from among support units.

Procedures must be developed for hastily converting
thnse aggregations of soldiers into combat units. It has
been suggested that preparations for this contingency can
be made during training through a combination of the cross
training of generalizable skills and specific training in
unit reconstitution. Historically, groups of soldiers
given appropriate leadership have been able to reorganize
themselves into effective fighting units. However, the
concept has not been worked out and developed as doctrine
for modern battlefield conditions.
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Casualty Management

Throughout this chapter, there have been references to
the lethality of the projected battlefield and to casual-
ties. The emphasis has been on the management of the
impact of casualties on the force. In this section, we
discuss the management of the casualties themselves. In
recent combat, better than ninety percent of the wounded
who reached medical care survived. Trauma medicine has
achieved an extremely high state of development. Knowledge
of the high probability of survival following wounding is
common among the troops and is a significant factor in
morale.

The lightly wounded may be a significant source of
replacement manpower in rear areas. Issues related to
rates and locations of casualty generation and the types of
casualty to be expected must be closely examined in order
to develop appropriate doctrine concerning casualty manage-
ment.

Expected Rates of Casualty Generation. The first
issue concerns the expected rates of casualty generation.
All commentators expect these rates to be higher than those
suffered by forces durirg World War II and Korea who were
exposed to intense combat. However, there is considerable
disagreement concerning what those rates will be. The
issue is complicated by the fact that most of the readily
available data refer to the conventional battlefield. The
use of nuclear and chemical weapons on the integrated
battlefield can be expected to act as highly significant
casualty multipliers. Until reasonable data for expected
casualty rates are available, realistic doctrine respecting
casualty management cannot be produced.

The Loci of Casualty Generation. The second issue
concerns the locations in which casualties will be genera-
ted. There appears to be general consensus that the
highest number of casualties will be generated in the
forward areas of contact as has been true historically.
However, Warsaw Pact doctrine clearly states the intention
to create maximum possible disruption in rear areas. The
extension of significant casualty generation into rear
areas will create new problems for medical support systems.

The extended and dispersed nature of the forward areas
of contact, combined with rapid movement will create new
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problems of achieving the kind of rapid evacuation that has
been in good measure responsible for the high survival
rates of the wounded. The medical technology needed to
stabilize the wounded must be modified in a manner which
permits it to be moved forward into effective range of the
forward areas of contact. Issues related to the numbers
an' training of medical personnel that move with combat
fo ,s must be considered.

Classes of Casualties. The question of the number of
casualties to be expccted has been dealt with above. In
this section, the question to be addressed involves the
kinds of casualties that the muanagement system must expect
to deal with. These are:

Conventional. The conventional mix of combat related
trauma associated with blast, penetrating missiles, and
heat. The issue of whether or not significant quantitative
increments in any of these factors are to be expected must
be examined.

Nuclear/Chemical. -If nuclear and/or chemical weapons
are employed, the mix of casualties will change radical-
ly. Issues related to dose-graded radiation sickness must
be dealt with in terms of the development of triage and
evacuation doctrine. The threat of chemical attack can be
expected to produce significant numbers of heat exhaustion
casualties as well as ones produced by the inappropriate
use of antidotes. Attention must also be paid to the high
probability of serious infectious disease among troops
experiencing immune system suppression following exposure
to non-lethal doses of radiation.

Novel. New classes of casualties created by the
employment of novel weapon systems must be expected. A
prime candidate is the laser which can be expected to
generate significant numbers of ophthamological wounds.
The number of such wounds to be expected will depend upon
whether injury is an inadvertent consequence of laser use
in communications or target designation, or if the laser is
also employed as a direct anti-personnel weapon.

Neuropsychiatric. Neuropsychiatric casualties are to
be expected in large numbers. In addition to what might be
termed the normal casualty load associated with high
intensity, sustained combat, the intense fear associated
with nuclear and chemical threat must be considered. The
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introduction of novel weapons which produce new classes of
casualty, against which there are no effective counter-
measures, will introduce significant stressors that will
alter psychiatric casualty rates. Significant numbers of
psychiatric casualties may be expected to occur in rear
areas as a result of the nature of the combat that may be
expected to occur there.

Triage and Evacuation. Triage and evacuation doctrine
have been mentioned above. The seriousness of the issues
raised by the prospective battle field is such that sepa-
rate consideration is merited. Manpower availability will
be a critical factor during the middle phases of the
prospective battle. The most readily available sources of
manpower will be physical and psychiatric casualties who
will be able to return to full or limited duty if they have
been properly managed.

Research from World War II and the Korean War indi-
cates that 80 to 90 percent of psychiatric casualties can
be returned to combat if they receive treatment near to the
battlefield. It is not clear that such treatment will be
possible near the prospective battlefield. For example,
concentrations of psychiatric casualties located in the
vicinity of the Main Battle Area might alter the infrared
signature of the area sufficiently to bring them under
fire. If proximal treatment cannot be given and new
treatment modalities are not developed, the proportion of
individuals who can be returned to duty may drop precipi-
tously. These issues must be explored vigorously.

The Role of Women on the Prospective Battlefield

The physical and psychophysiological questions related
to the role of women on the prospective battlefield may be
translated into a set of specific questions concerning the
existence of significant differences between male and
female response to battlefield conditions.

Response to Military Stress. It must be determined
whether or not there are there fundamental and militarily
significant differences in the female physical and psycho-
logical responses to the manifold stresses of the battle-
field. Similarly, it must be determined whether or not
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there are significant differences in the capacity of women
to sustain effective military performance over the extended
opera tional periods that will be required in future
warfare. These questions carry no implication that women
cannot perform well on most military tasks. However, men
are likely to possess clear sustainability advantages in
performing those tasks that involve heavy physical work.
Such tasks comprise a relatively small proportion of the
total range of activities needed on or near the contempo-
rary battlefield. The specific issue being raised relates
to the possibility of significant differential casualty
generation rates between men and women exposed to similar
battle field conditions. At present, there is no really
convincing body of scientific data which permit either the
extent or direction of any sex-related casualty rate
differences to be firmly determined.

Male Response to Females at Risk. It must be deter-
mined if the presence of women in situations of actual and
potential threat will alter the behavior of their male
counterparts in a militarily significant ways. This issue
concerns male belief and value systems that are common to
western societies and which place differential value on the
safety of women in situations of risk. It is a strongly
held military value that all good soldiers give aid and
comfort tc their fallen comrades, often at considerable
risk to themselves. We do not clearly understand how this
value, and others like it, will be transformed when many of
those comrades are women.

Management of Female Casualties. It must be deter-
mined whether or not women will represent special casualty
management problems. A significant part of this question
is related to the issue raised above concerning the impact
of social value systems on male behavior. Triage and
evacuation doctrines are critical medical elements in the
achie vement of force conservation. The possibility of
subversion of these doctrines through decisions based on
the application of well-meaning but inappropriate value
systems must be examined. Anatomical and physiological
sex-based differences may impact on the delivery of medical
care in cases of traumatic injury. For example, abdominal
wounds in female soldiers are likely to be accompanied by
the added complications associated with injuries to the
reproductive system. Good combat wound management that is
conducted under the pressures generated by battle often
involves extensive removal of damaged tissue, a procedure
that is likely to have cosmetic consequences. The impact
of such disfigurement may require the development of
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special psychiatric support modalities.

Pharmacological Support of Performance

The central problem with all of the contemporary
pharmacological agents that are of interest is their broad :1
spectrum of action. Desirable effects are accompanied
inevitably by undesirable side effects that limit the range
of practical application. For example, a compound that is
both prophylactically effective against Soman and also
physically and/or psychologically incapacitates the recipi-
ent is of dubious military value. Creating casualties of
one kind in order to avoid casualties of another kind is an
unproductive undertaking. Amphetamine, and related com-
pounds may be effective in sustaining certain simple
behaviors under conditions of fatigue, but the quality of
complex performances will deteriorate under the drug if
inhibition of response is an important behavioral com-
ponent. Among all of the areas included under the rubric
of the neurosciences, the disciplines associated with
neurochemistry are undergoing the most explosive develop-
ment. Our general understanding of central and peripheral
nervous system functioning is now clearly dependent upon
our understanding of the biochemica1 events that create and
modulate activity in the area of the synapse. These events
are the targets of the weapons that define the chemical
threat to the integrity of our forces. Our basic under-
standing of neurochemistry will be the source of effective
countermeasures that can be developed. The pressing need
over the next twenty years is for broad-based, fundamental
research in the biology of nervous function. This effort
is also critical to the development of effective pharmaco-
logical supports for military function.

Chemical Attack. The development of prophylactic
agents that are both effective against chemical attack and
not in themselves disabling is a high priority require-
ment. Insufficient attention has been paid to the
psychological aspects related to the threat of chemical
attack. This threat can be viewed as psychological warfare
which from the enemy point of view could have impacts that
justify the cost of making the threat credible. These
impacts range from causing our forces to suit up in protec-
tive gear, through self-administration of incapacitating
antidote, to outright panic in areas perceived to be
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threatened. The donning of protective gear in and of
itself will significantly limit mobility, limit perceptual
fields and communication, increase isolation, and signifi-
cantly reduce performance sustainability. The availability
of effective, non-incapacitating prophylactic and thera- j
putic agents would effectively disarm the chemical threat
by reducing a significant anxiety and fear provoking strec-
sor.

Nuclear Attack. The development of prophylactic and
treatment agents that are effective against critical levels
of exposure to radiation is a high priority requirement.
Critical radiation dosages are in the intermediate range
and should be defined in terms of the direct generation of
casualties over days and weeks and to infectious disease
casualties that arise as a result of radiation-induced
immune suppression. Such casualties wourld represent a
significant proportion of a fighting force exposed to
tactical nuclear attack.

Acute Situational Stress Syndrome. The development of
prophylactic and therapeutic agents that will effectively
modify the acute situational stress syndrome is required.
Contemporary families of psychotherapeutic drugs have a
variety of side effects that will limit their effectiveness
on the prospective battlefield. The critical issue here is
achieving reduction of incapacitating fear and anxiety
while simultaneously establishing and maintaining essential
mobility and self-care behaviors.

Fatigue and Sleep Control. The development of prophy-
lactic agents that %ill modulate the accumulation of physi-
cal and psychological fatigue, or modify the need for
sleep, or the patterning of sleep under battlefield condi-
tions are required. Again, the critical issue is the main-
tenance of essential performance capabilities.

There are persistent reports of botanicals that
possess ladaptogenic" properties. Such properties are
claimed to manifest themselves in increased resistance to
the impact of a variety of stressors and thus to operate
prophylactically. Other recent work suggesting that the
availability ard balance of certain large neutral amino
acids can modu°late arousal may point to the development of
new classes of pharmacological agent that are benign with
respect to side effects. In the case of sleep modulating
agents, the central performance questions involve ease of
awakening and alerting as well as the speed of return to
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full performance capability.

Performance Enhancement. The topics dealt with up to
this point have been concerned with the maintenance of pre-
existing performance capacities and the prevention of
untoward consequences associated with a variety of environ-
mental and situational insults. In accordance with the
time frame of this study, it can be speculated that the
fundamental research directed at the issues raised will
lead to the development of performance enhancing drugs.
Such drugs would increase physical and/or psychological
capacities beyond what would be expected in their ab-
sence. Memory, vigilance, the ability to sustain and
divide attention, and complex reaction times are militarily
important psychological functions that are likely candi-
dates for enhancement. The development of such agents
would have widespread implications for training as well as
for combat.

Drug Interactions. Potential success in more than one

of the areas outlined above raises the issue of drug
interactions through synergy and/or antagonism. It is /
highly unlikely that a mix of pharmacological agents that
is distributed to troops for their personal use on the
battlefield will be subject to effective management or
control. It is also unlikely that medical resources
capable of directing the administration of appropriate drug
doses and combinations will be prevalent. All possible
interactions that are inherent in such a pharmacopoeia must
be understood prior to its dispersion to troops. Issues
related to the preparation of drug compounds and the
development of novel routes of administration must be
addressed.

A second set of issues involves the abuse potential of
such classes of drugs. The types of pharmacological
support that have been discussed will in all likelihood
opt-ate through central and autonomic nervous system
mechanisms. They all can be classified as substances that
reduce the aversiveness of environmental events, or create
internal states that might be construed as being posi-
tive. Such compounds are excellent candidates for becoming
abused substances. It seems unlikely that the quest for
mind-altering substances will lessen significantly among
the young populations from which the preponderance of
forces are drawn.
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CONCLU'SIONS AND RECOMMENDATIONS

Leadership and Command

Leadership and command functions will be particularly
susceptible to the stresses and strains that are an in-
herent part of the integrated, sustained battlefield. The
nature of these stressors must be explicitly recognized and
ameliorative procedures must be made an explicit part of
the preparation, training, and evaluation of thi.i critical
group of soldiers. See Leadership and Command (1. 10).

Distribution of Performance Loads

Inter se fatigue will be a critical factor affecting
performance sustainability -in all military organizations
and at all levels within organizations. The distribution
of work and rest, in coordination with the contingencies
generated by battlefield situations and the availablility
of personnel, is a critical issue in the management and
control of human resources. No single work/rest doctrine,
appropriate for the entire range of expected conditions,
can be recommended. An empirical and pragmatic approach,
closely coupled with intensive training for sustained
operations is suggested. See Leadership and the Control of
Fatigue (p. 11).

Unit Reconstitution

Force attrition on the integrated, sustained battle-
field is expected to be very high and replacements are ex-
pected to be very scarce. The survivors of fragmented
units, the lightly wounded, returning neuropsychiatric cas-
ualties, and levies from support units are suggested
sources of replacements. The nature of the battle will
dictate that these diverse elements be hastily amalgamated
into new, reconstituted units. The doctrine and underlying
principles that are required to accomplish this goal must
be developed. See Unit Reconstitution (p.20).
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Casualty Management

The integrated, sustained battlefield is expected to
produce large numbers of casualties whose types and
geographical distributions will differ from previous
military experience. Further, the nature of the
battlefield will significantly alter the nature and locus
of medical intervention, the procedures for and realities
of evacuation, and the appropriateness of triage
doctrine. Since factors related to casualty management
have important implications for both force conservation and
force morale, it is suggested that these problems be given
immediate consideration. See Casualty Management (p. 21).

Role of Women

Women will constitute a significant proportion of the
U.S. troops fielded in response to a main force attack on
NATO. These female troops will be members of rear and
forward support units. They will be distributed in both
traditional and non-traditional military occupational
roles, with many of the latter being found in critical
maintenance and electronic warfare areas, While not
occupying direct combat roles, female troops will be
exposed to unprecedented levels of risk as a consequence of
the nature of the prospective battlefield. Barring expo-
sure to the levels of physical demand that have been the
traditional lot of the infantryman, there is little bio-
logical reason to believe that women will withstand the
multiple stressors of combat exposure any less well than
will men. However, there is reason to believe that men
will respond differently to the presence of women at risk
in the combat environment. Powerful cultural conditioning,
common to western societies, must be overcome before male
soldiers will treat with their female compatriots as equals
and be affected by their wounding or death without sexual
distinction.
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Pharmacological Support

Recent advances in understanding the biochemistry of
central and peripheral nervous system functioning promise
significant development of pharmacological supports for
military performance. However, a strong caveat concerning
the use of drugs on and near the battlefield must be
entered. In order to fight well and survive, the soldier
must function as an integrated biological organism. Issues
related to drug specificity of action, dosage tolerance,
abuse potential, and drug interactions must be fully
evaluated against operational requirements. In addition to
pharmacological intervention to reduce fatigue, anxiety and
fear, chemical defense protective agents will be developed
and deployed. It is critical that the behavioral conse-
quences of the use of such agents be well understood.

RESEARCH REQUIREMENTS

Mental Fatigue

It is imperative that our scientific understanding of
the basic biological processes involved in the generation 4 --

of mental fatigue states be understood. A program of
research in this area would include the delineation of the
peripheral and central biochemical concomitants of mental
fatigue. The goal of this program would be the development
of prophylactic and therapeutic intervention strategies to
improve performance sustainability.

Sleep Discipline

Research concerned with the biological basis of sleep
must be accelerated. Particular attention must be paid to
the role of fragmentary sleep (of varying duration, taken
at odd hours, under adverse conditions, etc.) in the
maintenance of performance capability. Of particular
interest are higher level cognitive behaviors that must be
accomplished in multiple demand situations. While sleep

-30-



deprivation and fatigue often accompany one another, there
is strong scientific reason to believe that separable
processes are involved. Research that clarifies the
distinctions between these processes will have important
practical applications. The goal of this program would be
the development of effective sleep/rest discipline for use
on the battlefield.

Modulation of Autonomic Functions

Research concerned with the voluntary modulation of
autonomic functions to ameliorate the acute situational
stressors associated with sustained combat should be
extended. The symptoms associated with intense fear and
anxiety themselves play an important role in determining
performance capability. The symptoms associated with
exposure to nerve agent are very like those that accompany
the autonomic arousal produced by battlefield stresses.
Increasing the individual soldier's capacity to interpret
and control internal states appears to be an achievable and
practical possibility. The goals of this program would be
to reduce the rate of neuropsychiatric casualty generation
and to increase performance sustainability.

Shiftwork

The required research program should be directed
toward the analysis of the performance requirements of
forward and rear support organizations. Based on the
outcomes of these analyses and the existing shiftwork
literature, candidate schedules should be proposed. Candi-
date schedules should then be further screened be analyzed
in terms of manpower feasibility. Surviving schedules
should then be utilized in extensive field studies during
training and maneuvers to determine their adequacy for
sustaining effective performance for prescribed periods of
time. This testing process would probably require several
iterations before final recommendations can be made. If
carefully done, participating troops will receive valuable
training in sustained operations.
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Group Dynamics of Unit Reconstitution

An historical and scientific review of the principles
underlying the creation of effective small groups under
high demand and high stress conditions should be made.
These principles should then be used to develop strategies
for unit reconstitutions that can be tested in training and
maneuver situations. Attention should be focused on the
squad and the team as the fundamental unit of military
social organization.

Forward Treatment of Physical Casualties

Topics for research under this heading are dictated by
the exigencies of the highly mobile and widely distributed
battlefield and the central role to be played by medical I',
paraprofessionals and buddy-aid. The primary management of
shock and trauma, radiation- and chemical agent exposure,
and secondary infectious disease will become the province
of the medical corpsmen. They must be supplied with the
necessary supporting technology.

Forward Treatment of Neuropsychiatric Casualties

Research in this area must center on the development
of brief intervention strategies that rely on psychopharma-
cological supports. The exigencies of the battlefield will
likely prevent the direct use of the successful treatment
mcdalities developed during earlier wars. Fertile ground
for revising earlier treatment doctrines may be found in
conjunction with the development of principles appropriate
for unit reconstitution.

Role of Women

Research on female soldier should focus on the adapta-
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tion of women to military occupational roles and on the
evolution of military organizations attempting to integrate
increasing numbers of women into operationally critical
positions. As suggested earlier, attention must be equally
directed at the individual and social dynamics such posi-
tions. In the broad areas of biomedical and psychological
research, female research subjects should be employed as a
matter of course in all relevant work conducted under
military auspices. The emphasis in such work sLould be
placed on increasing our understanding of sex-related
differences in psychobiological functioning rather than
upon the testing of hypotheses related to suitability or
unsuitability.

Pharmacological Supports

The basic requirement is for broad-based programs of
fundamental research in the neurosciences. Our under-
standing of the biochemical bases of nervous system action
is undergoing explosive development that has revolutionary
implications for the creation of new classes of pharmaco-
logical agents. It is recommended that the development of
pharmacological supports be based upon the rational scien-
tific understanding of the biological principles that
control and modulate nervous system activity. Particular
attention should be paid to the biochemistry of synaptic
events and the relationships between these events and
functions, and emitted behavior.

There is a particular need for the development of
sophisticated technological systems that enable and support
the in vivo determination of neurochemical parameters and
their correlation with ongoing electrophysiological and
behavioral events. Such systems will ultimately depend
upon the development of microminiature transducer arrays
capable of differential response to molecular configura-
tions. Intermediate technological steps will probably
involve implantable sampling systems that are coupled to
"on-line" analyzers that have extreme sensitivity. Since
such work will probably be limited to animal models in the
foreseeable future, parallel advances in the precision of
behavioral models must also be encouraged.
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