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ABSTRACT

U.S. Department of Defense studies to measure performance decrements associated
with wearing chemical warfare (CW) protective combat clothing indicate that heat stress
seriously degraded human performance. Even when heat stress is not a significant factor,
performance of many combat, combat support, and combat service support tasks is
degraded. In most field studies, many crews of combat units became operatio.:ally
ineffective due to voluntary withdrawal of individual crew members. Many combined
arms, field studies, and laboratory studies indicate that when CW-protective combat
clothing is worn performance is seriously degraded for (1) the detection of targets,
engagement time, accuracy of fire, and (2) manual dexterity tasks; and that (3) a variety of
psychological effects are created. Further, the degree of performance degradation varied
with the tasks performed. Training in CW-protective combat clothing permits learning to
modify procedures and consequently reduce negative effects, provided heat stress is not a
significant factor. A growing body of evidence indicates there is inadequate training in the
use of CW-protective combat clothing, A critical need exists for more and better training of
skills needed under CW conditions.
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EXECUTIVE SUMMARY

This paper is a critical review of studies completed since 1979 that examin. 1e
effects of wearing chemical warfare (CW) protective combat clothing on individual and unit
performance. Both experimental and operational studies are covered. The methodology
used to determine performance decrements is critiqued, and the extent to which training or
changes in procedures can reduce the decrements caused by wearing the CW-protective
combat clothing is assessed.

Since the early 1980s, the U.S. Department of Defense has sponsored a number of
major projects designed to determine performance decrements resulting from wearing CW -
protective combat clothing, These efforts fall into three major categories: (1) combined
arms exercises, (2) field trials, and (3) laboratory studies. Studies reviewed and critiqued
in the present report are organized in these categories. Four appendixes summarize aspects
of performance degredation.

Cembined arms exercises are conducted to provide quantitative information and
realistic combat experience for combat, combat support, and combat service support units.
The review of combined arms exercises in a nuclear/chemical environment, which
simulates an integrated battlefield, was important to determine the effectiveness with which
a combined arms force can accomplish its mission under chemical warfare combat
conditions. Such exercises generally use an instrumented battlefield and are conducted
over a sustained period of time. These are exercises that use a trained opposing force, have
a defined and previously tested realistic combat scenario, generally provide both objective
and subjective data, and are supervised by judges and controllers. The most effective
exercises compare a baseline condition with an "exercise" condition that includes
parameters of interest. The parameter of interest for this paper is simulated chemical
combat threat conditions.

Combined arms exercises provide data that can be most readily generalized to a
combat situation but, in general, are less likely to be as tightly controlled as field studies
and are substantially less well controlled than laboratory studies. Variables used in
combined arms exercises are also often tested in field and laboratory studies prior to their
use in combined arms exercises.
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Field trials are generally more narrowly defined and more tightly controlled than
combined arms exercises, but are less so than laboratory studies. Field trials ofte:n include
only one combat, combat support, or combat service support unit. The most recent field
trials reviewed in this paper have been conducted for periods of 24-72 hours to provide
data concerning sustained operations in a chemical warfare combat environment.

Laboratory studies generally provide the greatest degree of experimental control and
investigate more narrowly defined parameters but are less useful in generalizing to unit
performance.

The review and critique of studies in all three categories supported the following
conclusions,

1. Heat stress, due to wearing CW-protective combat clothing, seriously degrades
human performance. This finding is supported by many studies reviewed in
this paper and in previous papers by Taylor and Orlansky (1986, 1987).
Under some conditions, performance will degrade significantly within one
hour. Endurance can be extended, if ambient workplace temperatures are not
severe, by enforced drinking of water and by frequent rest periods. Heat
stress effects have been modeled by Goldman and associates at the U.S. Army
Research Institute for Environmental Medicine (USARIEM). The USARIEM
heat stress model accurately predicts (£ 10%) the human metobolic heat ®
production of soldiers when the level of encapsulation, environment, physical
condition of troops, combat mission (including duration), physical activity,
and work/rest cycles can be accurately specified.

2. Even when heat stress is not a significant factor, the performance of many
combat and combat support tasks in all combat arms is degraded when CW-
protective combat clothing is worn. This degradation is due to reduced manual
dexterity, reduced vision, reduced ability to communicate, respiratory stress,
and psychological stress. This finding is supported by a number of studies
reviewed in the present paper as well as in previous reviews by Taylor and °
Orlansky (1986, 1987).

3, Studies on endurance of combat crews in armor, mechanized infantry, artillery,
and aviation operating in CW-protective combat clothing and involved
in continuous operations have indicated that crews will have difficulty
sustaining effective combat operations even when heat exhaustion is not a ®
significant factor. In most studies, many crews of combat units have become
operationally ineffective due to voluntary withdrawal of individual crew
members from the test.




10.

11,

During a combined arms exercise, the duration of battle was increased
82 percent and the loss-exchange ratio (killed attackers/killed defenders) was
increased by 66 percent, from 2.40 in the bascline to 3.99 in the CW
environment. This loss-exchange ratio is unacceptable according to current
Army doctrine.

The detection of targets, the engagement times, and the accuracy of fire are
significantly degraded when CW-protective combat clothing is worn. This
finding is substantiated by a number of studies reviewed in this paper including
combined arms exercises and continuous operations field trials. In a number
of studies involving armor crews, increased target engagement times are a
linear function of time of operations in CW-protective combat clothing,

Command and control, and communications are significantly degraded by
wearing CW-protective combat clothing, This finding has been substantiated
in recent combined arms exercises.

Wearing CW-protective combat clothing results in a significant and important
increase in serious dehydration. During hot conditions, dehydration will occur
within 1 hour or less when the individuals are engaged in physical activity, so
enforced drinking is mandatory for health maintenance.

Manual dexterity tasks requiring both gross and fine motor skills are
significantly degraded by wearing CW-protective combat clothing (masks and
gloves). This finding is substantiated by studies involving the
disassembly/assembly of small arms and a substantial number of maintenance
tasks. The use of 7-mil or 14-mil gloves instead of the standard 22-mil glove
provides better tactility and finger dexterity, but these thinner gloves appear to
be more prone to compromise,

Wearing CW-protective combat clothing produces a variety of psychological
effects including increased symptom intensity and general deterioration of

mood. These findings are supported by a number of laboratory and field
studies.

Recent laboratory studies suggest differences in physiological tolerance to heat
stress between males and females, with female tolerance being lower, but this
finding has not been established incontrovertably.

The studies reviewed previously (Taylor and Orlansky, 1987) and in the
current paper clearly indicate that the amount of performance degradation due
to wearing CW-protective combat clothing varies widely with the combat,
combat support, or combat service support task to be performed. A general
finding, however, is that wearing CW-protective combat clothing leads to a
significant performance degradation of individual and unit performance.

S-3




12,

13.

14,

15.

16.

17.

18.

With training in CVJ-protective combat clothing, individuals and crews will
learn to modify procedures and consequently reduce the negative effects of
wearing CW-protective combat clothing when heat stress is not a significant
factor. A number of studies has indicated that training in CW-protective
combat clothing can reduce the amount of performance decrement of
individuals and crews performing combat, combat support and combat service
support tasks.

In a simulated CW-combined arms exercise, the amount of prior CW-defense
training of the platoon leader was an important variable affecting overall
platoon performance, even when other platoon members had little CW-defense
training,

Many studies reviewed in this and previous papers (Taylor and Orlansky,
1986, 1987) have emphasized the need for increased training in the use of CW-
protective combat clothing. Only one study of the 21 reviewed by Taylor and
Orlansky (1987) was designed to quantify the benefits of training under
simulated CW conditions.

An objective of a number of field studies reviewed in the present paper was to
determine the impact of training in CW-protective combat clothing on reducing
performance decrements caused by wearing this clothing, These studies failed
to achieve this objective since none established stable baseline performance in
the battle dress uniform (BDU) prior to determining performance decrements
due to wearing CW-protective combat clothing.

For a number of studies reviewed, meaningful comparisons between the BDU
and CW-protective combat clothing could not be made due to the lack of data,
an insufficient number of subjects, or poor experimental design.

A growing body of evidence indicates that there is inadequate training in the
use of CW-protective combat clothing. This is supported by a review by
Knapp and Orlansky (1987) and a Navy survey conducted by Moskal, Driskell
and Carson (1987). The latter report concludes that a critical need exists for
more and better training of CW common skills, i.e., the skills that all personnel
need to know to protect themselves under CW conditions.

The growing availability of networked simulators, such as SIMNET, provides
an opportunity to conduct battalion-level, two-sided engagements under
experimental conditions. Thus, it now becomes possible to collect reliable data
on performance in simulated, combat arms exercises, wearing CW-protective
combat clothing, that can significantly extend what is now known reliably only
in laboratory studies. Since networked simulation provides such data
as weapons killed and exchange ratios used in most combat models, one
should be able to estimate more precisely the military value (and/or penalty)
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attributable to wearing CW-protective combat clothing and of training to
achieve maximum benefit of its use.

Based on these findings four recommendations are made:

l.

In 1987, Taylor and Orlansky found that "only one study, the Grand Plot 111
field trial, was designed to measure the amount of performance improvement
due to training," and "recommended that future studies and field trials directly
investigate the benefits of training, It is important to develop a more extensive
documentation of the effects of training on mission effectiveness in
simulated CW environments" (Taylor and Orlansky, 1987, pp. V-1). While a
number of recent studies have had as an objective to determine the effects of
training on improving individual and crew effectiveness in CW environments,
methodological problems have limited the effectiveness of these studies.
Consequently, this recommendation remains valid.

For studies designed to determine the effects of training on improving
individual and crew effectiveness in CW environments, the individuals and
crews should be well trained in the tasks to be performed. A stable baseline in
battle dress uniform should be established prior to the introduction of CW-
protective combat clothing (MOPP 4). Enough subjects should be used or
trials conducted to permit statistical comparisons between baseline and
experimental conditions, and to permit inferential statistics with enough
"power" to enable the results to be used with confidence. After introducing the
experimental conditions, enough trials should be conducted in CW-protective
combat clothing to determine the effect of training in MOPP 4.

Performance decrements due to severe conditions are unavoidable but their
impact can be delayed as well as reduced by appropriate training. The Desert
Storm experience, not examined in this study, can provide important data on
the performance of troops wearing CW-protective combat clothing on their
arrival in theatre and the effect of training in improving their performance. We
strongly urge that the lessons learned there about the effect of wearing CW-
protective combat clothing and the effectiveness of training in its use be
carefully reviewed.

The experimental data comparing male and female differences in performance
to heat stress while wearing CW-protective combat clothing are extremely
limited. In view of the increased numbers of females involved in combat
support and combat service support roles, and the potential for females to be
involved in combat situations in which a substantial CW threat exists, this area
warrants increased research emphasis.




"I, INTRODUCTION

A. OBJECTIVE -

The objectives of this paper are to;

1. Critically review recent studies (since 1979) which investigated the effects of
wearing CW-protective combat clothing on individual and unit performance.

2. Evaluate the methodology used to determine performance decrements.

Assess the extent to which training or procedural changes can reduce the
decrements caused by wearing CW-protective combat clothing.

B. BACKGROUND

In a previous paper, Taylor and Orlansky (1986) reviewed and summarized a series
of studies performed in Australia, Canada, New Zealand, the United Kingdom, and the
United States, the member countries of The Technical Cooperation Program (TTCP), that
show the effects on human performance of wearing protective clothing for CW (Taylor and
Orlansky, 1986). In a second paper, data from these studies indicating that training can
help avoid some degradation of performance were discussed (Taylor and Orlansky, 1987).
These two review papers were generally limited to reports provided by members of the
TTCP Ad Hoc Study Group 108 (AHSG 108), which met the following criteria: report
sufficiently complete to permit replication, protective clothing approaching current
capabilities, a clear description of the conditions of observation (e.g., agent, environment,
protective clothing and equipment, duration of exposure, subjects, and measures); a few
other reports that met these criterla were also included. However, the two reports were not
a comprehensive review of all recent studies concerned with the effects on human
performance of wearing CW-protective combat clothing.

The following conclusions were reached by Taylor and Orlansky (1987):

*  Wearing CW-protective combat clothing produces heat stress effects
that degrade physical human performance. This finding is supported by
many studies. A computer model developed by Goldman accurately
predicts physiological limits of combat troops when level of
encapsulation, environment, physical condition of troops, combat
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mission (including duration), physical activity and work/rest cycles,
can be accurately specified. Under some conditions, performance will
degrade significantly within one hour, Endurance can be extended, if
ambient work-place temperature conditions are not severe, by enforced
drinking of water and by frequent rest periods.

*  Wearing CW-protective combat clothing during hot conditions is
expected to produce dehydration within one hour or less, Enforced
drinking of water is mandatory in order to prevent the effects of
dehydration.

»  Wearing CW-protective combat clothing degrades performance across a
variety of combat tasks for all combat arms as a function of reduced
manual dexterity, restricted vision, restricted communication, and
respiratory stress, even when heat stress is not a significant factor.

+  Detection of targets and the accuracy of fire are significantly degraded
when protective masks are worn,

«  Communication is degraded by CW-protective combat clothing, but the
magnitude of the effect has not been adequately documented.

»  Manual dexterity tasks such as disassembly/assembly of an M-16 rifle
are significantly degraded by reduced vision due to masks and
constraints caused by gloves,

+ Individuals and crews can be trained to modify procedures and thereby
reduce the problems caused by wearing CW-protective combat clothing
when heat stress is not a significant factor, Training to modify
prtgcedti:resl can restore most but not all of the performance effectiveness
otherwise lost,

» Training increases proficiency on CW-defensive tasks. For some
tasks, the knowledge and skill needed to cope with CW-protective
combat clothing can be obtained during a brief training period. One
study found that as little as two days' training significantly improved
performance.

o  The studies reviewed clearly indicated that the amount of performance
degradation due to CW-xrotective combat clothing varies widely with
the tasks to be performed.

* Only one study of the 21 reviewed was designed to quantify the
benefits of training under simulated chemical warfare conditions,

--Taylor and Orlansky, 1987, pp. IV-1 and IV-2

Current basic CW ensembles consist of a1 overgarment, hood, gloves, boots, and
mask. The U.S. Army uses the Mission-Oriented Protective Posture (MOPP), which is a
flexible procedure intended to guide the commander in the protection of troops in a
chemical environment while facilitating mission accomplishment. It requires "individual
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protective equipment consistent with the chemical threat, the workrate imposed by the
mission and the temperature" (FM 21-40, 1977). Table I-1 describes four levels of CW-

protective combat clothing.

Table 1-1. United States Army Mission-Oriented Protective Posturs (MOPP)
MOPP QOvergarment QOverboots Mask/Hood Qloves
Baseline Combat Unflorm | Not worn Not worn Not worn Not worn
1 Worn, open or closed Carrled Carried Carried
based on tempaerature
2 Worn, open or closed Worn Carried Carried
based on temperature
3 Worn, cpen or closed Worn Worn, hood open or Carrled
based on temperature closed based on
temparature
4 Worn, closed Worn Worn, ¢losed Worn

The United States Air Force uses the same four levels of MOPP to describe CW-

protective combat clothing but provides additional guidance to commanders (AFR 355-8, 1
May, 1987), Table I-2 shows the U.S, Air Force Mission-Oriented Protective Posture
Summary. It also provides guidance concerning the MOPP conditions associated with the

alarms and the potential variations for the various MOPP conditions.

Table |-2. United States Air Force Mission-Oriented Protective Posture (MOPP)
sSummary
ther CW
Masks Gloves Individual
Ovaer- Over- and and Protective Fleld
Usedin | Garment | Boots Hood Inserts Equl{pmont Gear | Variations
MOPP | Alarm is are are are s Is are
0 | AlCiear Readly Avalable ~ N/A

1 Yelow | Worn At Hand ~ Fatigue
Vrrét late

ndoor

2 Yellow Wormn At Hand Fatigue
Ventllate

indoor

3 Black Worn Al Hand Worn atlgue
Ventllate

indoor

4 Ted Worn AtHand | Wemn atigue
indoor

5 Black Worn AtHand | Worn atigue
Ventilate

indoor




Wearing CW-protective combat clothing can degrade the performance of individuals
and can reduce the performance effectiveness of a combat unit. The primary causes of such
performance degradation are:

o Heat stress due frincipally to the weight, insulation, and low moisture
vapor permeability of the overgarment,

* Reduced manual dexterity due to the constraints imposed by the
gloves, overgarment, and boots.

« Restricted vision due to the design and optical characteristics of the
}naski ¢.g., reduced field-of-visw and poor optical quality of the mask
aceplate,

. ﬁesglcted communication (hearing and speaking) due to the mask and
ood.

»  Respiratory stress due to air resistance of mask filters and outlet valves.
--Taylor and Orlansky, 1987, pp. I-1 and I-2

Of the above, the most extensive factor investigated has been heat stress or the
thermoregulatory load imposed by CW-protective combat clothing in cexrtain hot
environments and/or by physical exertion. Studies conducted by the U.S. Army Research
Institute for Environmental Medicine (USARIEM) and the United States Air Force School
of Acrospace Medicine (USAFSAM) have documented the effects of heat stress (Goldman,
1974; Goldman, 1979; Goldman and Staff, 1981; Goldman and Staff, 1982; Pandoff and
Goldman, 1978; Nunneley, 1987; Nunneley, 1989).

The inability to evaporate sweat while encapsulated in CW-protective combat
clothing produces heat stress. Rectal temperature is a good indicator of the tolerance limit
of soldiers while wearing CW-protective combat clothing and is related to the degree of risk
of heat exhaustion. A rectal temperature of 39.2°C (102.5°F) equates to a 25 percent risk of
heat exhaustion (Goldman and Staff, 1982). Pandolf and Goldman (1978) have stated that
the convergence of skin temperature and rectal temperature is the best physiological guide
to heat stress tolerance. Nunneley, Antunano, and Bromalosky (1990) have reported that
studies in their laboratory provide no support that skin-core temperature convergence
accurately predicts heat stress tolerance. Nunneley (1987) indicated that a rectal
temperature of 39.5°C is often used for heat stress studies in the laboratory. Studies
reviewed in the present paper have used a rectal temperature of 39.2°C while a subject is
resting or a rectal temperature of 39.5°C (103°F) while exercising as the criterion to remove
a volunteer from a test. Testing has also been discontinued if the subject's heart rate
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exceeded 180 beats per minute for 5 minutes continuously during exercise or 160 beats per
minute while resting (Glumm, 1988). These indices have proven to be useful for
laboratory and field studies. Cadarette (1991) indicated that heat stress also occurs under
conditions of increased rate of heat storage which is exacerbated by CW-protective combat
clothing and can result in heat stress casualties at relatively low rectal remperatures and
heart rates.

A computer model has been developed to predict heat stress effects (Goldman,
1974). A more recent version of the model is described by Pandolf, Stroschein, Drolet,
Gonzales, and Swaka (1986). Given data concerning the level of the CW-protective
combat clothing, the environment, the physical condition of the soldiers, and the proposed
mission, the model can specify the physiological limit of combat personnel operating under
a CW scenario. Gonzalez and Stroschein (1991) indicate that the model is most effective in
forecasting work/rest cycles, water requirements and tolerance times in the heat with CW-
protective combat clothing since the databases and regression analysis are concentrated in
these areas. Goldman (1974) states the model's prediction of human metabolic heat
production has been validated by data collected in both laboratory and field trials across a
range of military populations and has been found to be accurate to + 10% which is
comparable to the precision of the measurement of heat stress in field trials. Goldman
(1979) has indicated the following uses of the model: (1) to prevent heat stress casualties;
(2) to establish work/rest cycles while wearing CW-protective combat clothing;
(3) to permit trade-off analyses during the development of CW-protective combat clothing;
(4) to predict whether a planned study will provide useful data, i.e., whether the conditions
will produce measurable physiological differences but not impose undue risk on the
subjects. The Goldman model of heat stress and several other thermal models were
evaluated in a workshop (Wissler, 1982).

Taylor and Orlansky (1987) noted that the degree to which the combat effectiveness
of an individual or a unit will be degraded by wearing CW-protective combat clothing is a
function of a number of variables including: (1) the ambient conditions of the workplace;
(2) the type and extent of CW-protective combat clothing worn; (3) the length of time that
the protective clothing is worn; (4) the level of physical activity; (5) the physical conditions
of the individuals in the unit; (6) the work/rest cycles; and to a lesser degree (7) the training
level of the unit, Taylor and Orlansky (1987) reviewed 12 reports published in the United
States between 1974 and 1982; two of these were summary reports. Carr, Corona,
Jackson, and Bachovchin (1980) provided a critical review of the literature pertaining
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to the effects of wearing CW-protective combat clothing on soldier performance. Carr,
Kershner, Corona, and Jackson (1980) reported a critical assessment of troop tests
concerned with the effects on soldier performance of CW-protective combat clothing and
equipment. Two reports (Carr, 1982; Carr, Corona and Jackson, 1981) were concerned
with the effects of chemical warfare decontamination equipment and procedures on soldier
performance. Taylor and Orlansky (1987) also reviewed a report by Hanlon, Jones, and
Merkey (1982), which was concerned with the effects of MOPP 4 on soldier performance
in a tropical environment and reports concerned with the results of a field experiment,
Grand Plot III, that tested individual and squad effectiveness in a chemical threat
environment (Project Team, 1975; Eifried, 1976).

Carr, Kershner, Corona, and Jackson, (1980) reported the results of a survey of 10
troop tests conducted from 1959 to 1979, The report reviewed the effects of CW-protective
combat clothing and equipment on mission effectiveness, The tests included typical
infantry tasks at the individual, squad, and staff section level, A mechanized battalion was
involved in one test and mechanized rifle companies were involved in two tests, Other
combat arms such as armor, artillery, and aviation as well as maintenance activities were
involved in a limited number of the tests. Rakaczky (1981) aysessed the findings of these
tests as follows:

» There was no uniformity in the structure of the tests, the parameters they
attempted to measure, or in the manner in which performance was
measured. This was attributed to the fact that the tests were performed
over a period of 20 years, were conducted by different organizations,
anddivt\irere conducted under different technological and military
conditions.

» The greatest amount of data is available for infantry missions and tasks,
and cover attack, defense, and retrograde operations for squad, platoon,
and com fany size units. A disadvantage is that most of the data are

resented in terms of staytime, the length of time an individual remains
n protective gear until he becomes a casualty or until the unit becomes
ineffective because of heat stress,

* The duration of most of the tests was too short to be able to assess the
effect§ of rotation of individuals or tasks to maximize unit effectiveness
over time, .

* There are almost no data for a tank company or battalion.

* Artillery data are limited. There was no live firing, and the scope of
tests was limited.
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* There was little or no data for any specialized type of combat, such as
airborne operations, river crossing operations by engineer units, etc.

» No data were available for cold weather conditions, or for operations
over rough terrain or in deserts,

» Noextensive testing was done over a variety of MOPP conditions.
* No tests were reported in which females were included.
--Rakaczky, 1981, pp. 13 and 14

The tests indicated that wearing CW-protective combat clothing impaired individual
soldier performance. Wearing protective clothing for sustained periods progressively
reduced unit effectiveness. Performance degradation increased as the degree of
encapsulation increased. One study found that dismounted mobility (foot soldiers) was
degraded unacceptably. Another test indicated that amphibious assault was not feasible in
the tropics in MOPP 4. Heat stress as measured by staytime, i.e., the time an individual or
a unit can stay in MOPP 4, was found to vary with energy expenditure and climatic
conditions. A summary of the results of these tests from Carr, Kershner, Corona and
Jackson (1980) is reprociuced in Appendix A.

A detailed summary of operational degradation whilc wearing CW-protective
combat clothing during large-scale field trials conducted between 1966 and 1968 was
provided by Goldman (1981), These trials are significant since performance degradation
due to heat stress was eliminated. Mission performance was found to be degraded in four
critical combat areas, i.e., firepower, communications, mobility, and support. The results
demonstrated that target location and identification, fire accuracy, time to conduct artillery
fire orders, road march and assault times, and support functions including ammunition
resupply and medical assistance were all significantly degraded by wearing CW-protective
combat clothing, The summary by Goldman (1981) is included in Appendix B.

Several recent studies have indicated that psychological stress due to encapsulation
and other stress factors can also produce significant performance degradation.




II. METHOD

The following techniques were used to obtain documents for the present review:
o  Standard search of the Defense Technical Information Center using key words.

o  Search of the Chemical Defense Data Base maintained by the Armstrong
Aerospace Medical Research Laboratory (Hala, Chevalier and Unfried, 1986),

* Visit to U.S. Army Research Institute for Environmental Medicine
(USARIEM), Natick, Mass.

*  Letters of inquiry to laboratories known to be involved in conducting research
in the areas of interest.

*  Research report bibliographies.

The focus of the present study is a critical review of the human performance and
operational performance data contained in the reports obtained, Generally, studies
conducted since 1979 were selected.

There is a growing body of literature concerned with the effects that chemical
warfare antidotes, i.e,, atropine sulfate and 2-PAM chloride, may have on performance
decrements. The current paper is not concerned with these reports. An earlier summary
was provided by Headley (1982), Reports that are primarily concerned with physiological
variables, with the exception of staytime, will also be excluded from this review.

A. STUDY CATEGORIES

Since the early 1980s, the U.S. Department of Defense has sponsored a number of
major projects designed to determine performance decretnents resulting from v-earing CW-
protective combat clothing, These efforts fall into three major categories: (1) combined
arms exercises; (2) field trials; and (3) laboratory studies. Data fo: :he present report are
organized in these categories.




1. Combined Arms Exercises

Combined arms exercises are conducted to provide quantitative information and
realistic combat experience for combat, combat support, and combat service support units.
They provide data relating to the interactions and interdependences of a number of factors
including force structure, doctrine, and materiel for combined arms in a sustained,
integrated battlefield situation, These exe: ises are important in that the data collected are
used to validate combat development concepts doctrine, and to determine the effectiveness
of and the need for training and materiel development. It is important to conduct combined
arms exercises in a nuclear/chemical environment, which simulates an integrated battlefield,
in order to determine the effectiveness with which a combined arms force can accomplish
its mission under chemical warfare combat conditions.

Combined arms exercises generally use an instrumented battlefield and are
conducted over a sustained period of time. The most effective exercises compare a baseline
condition with an "exercise" condition which includes one or more parameters. The
parameter of interest for the purpose of the present paper is simulated chemical combat
threat conditions. These exercises use a trained opposing force, have a defined and
previously tested realistic combat scenario, generally provide both objective and subjective
data and are supervised by judges and controllers.

Combined arms exercises provide data that can be most readily generalized to a
combat situation, but in general are less likely to be as tightly controlled as field trials and
substantially less controlled than laboratory studies. Generally, variables used in combined
arms exercises have been identified in field and laboratory studies.

2. Field Trials

Field trials are generally more narrowly defined and more tightly controlled than
combined arms exercises, but less narrowly defined than laboratory studies. They may
include only one combat arm, or a combat support unit. As discussed above, most recent
field trials have been conducted for a sustained period, i.e., 24-72 hours to provide data
concerning sustained operations in a chemical warfare combat environment,
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3. Laboratory Studies

Laboratory studies generally provide the greatest degree of experimental control,
investigate more narrowly defined parameters, and are less useful in generalizing to unit
performance.

In order to provide a common metric to quantify the performance degradation due to
wearing CW-protective combat clothing, we have developed two indices: Percent Time
Degradation (D) and Percent Accuracy Degradation (D). These are defined as follows:

(1)  Percent Time Degradation =

Yot - Yxt
DT= Yo X 100

where:

Yct= the time required by a control group wearing combat clothing (but not CW-
protective combat clothing) to complete a task

Yxt = the time required by an experimental group wearing CW-protective combat
clothing to complete a task.

(2)  Percent Accuracy Degradation =

Yca - Yxa
DA- Ve x 100

where:

Yca = the number of hits (normalized per x rounds), errors, etc., by a control group
wearing combat clothing (but not CW-protective combat clothing)

Yxa = the number of hits (normalized per x rounds), errors, etc., by an
experimental group wearing CW-protective combat clothing,

In some reports that we reviewed, performance degradation was computed using
these metrics. In other cases we have calculated the performance degradation indices from
available data. For soms studies the available data did not permit us to compute
performance degradation indices. In another paper, Taylor and Orlansky (1991) have
stated that indices for comparing performance decrements across studies are needed.
Percent Time Degradation and Percent Accuracy Degradation are two such indices.

Dugway Proving Ground has administered an extensive program known as the
Chemical/Biclogical (CB) Contact Point and Test Program, (Project DO49), to quantify the
effects of wearing CW-protective combat clothing on personnel performing military tasks.




According to Wick, Morrissey, and Klopcic (1987) the program consisted of five
operational areas:

¢  Maintenance Operations
*  Night Recon Operations
e Missile Operations

¢ Armmor Operations

¢ Signal Operations.

A number of reports that resulted from these efforts will be a major focus of this
review.

In 1984 the U.S. Army Vice Chief of Staff initiated a program to assess the
psychological and physiological effects of nuclear, biological, and chemical warfare on
extended operations. This program has been called the PZNBC2 program, and will also be
a major area of concentration.

A number of well-controlled laboratory reports will also be reviewed.

Included in the report are four appendixes which summarize the following aspects
of performance degradation:

(1) Appendix A--Mission Degradation Troop Test

(2) Appendix B--Operational Degradation Due to Chemical Protection in Field
Trials Without Heat Stress

(3) Appendix C--Empirical Studies of the Effect of CW-Protective Combat
Clothing on Performance

(4) Appendix D--Maintenance Tasks.
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III, RESULTS

The results are organized in the major study categories: (1) combined arms
exercises, (2) field studies, and (3) laboratory studies. The combined arms exercise section
will focus on a three-phase report dealing with combined arms in a simulated Nuclear/
Chemical Environment (CANE); only the results of CANE Phase I are summarized here,

A. COMBINED ARMS EXERCISE

1. Combined Arms in a Nuclear/Chemical Environment Phase I (CANE)

The CANE Phase I exercise was conducted at the mechanized infantry squad level
to determine the effects of simulated nuclear/chemical environment on unit combat
operations (Draper and Lombardi, 1986). Eight mechanized infantry platoons conducted
two operations of 72 hours each, The first operation, the baseline condition, was
conducted under battlefield conditions in which there was no threat of a simulated nuclear
or chemical hazard; there was such a threat in the second operation. During the second day
of the operation, the platoon was required to operate continuously for 12 hours in MOPP 4
under a nuclear/chemical threat condition.

During each of the 72-hour operations the platoons conducted the following combat
maneuvers: seven tactical movements; six preparations for movement; three movements to
combat; three hasty attacks; three consolidation/reorganization efforts; and three defenses.
The Multiple Integrated Laser Engage.nent System (MILES) was used to determine hits for
direct fires, and indirect fires were simulated by computer software. The exercise units
(player platoons) were opposed by a motorized infantry squad when attacking; they were
opposed by a platoon when defending,

Assessments of the performance decrements due to the nuclear/chemical threat were
conducted for the following categories: (1) close combat, heavy; (2) command and control;
(3) communications; (4) fire support; (5) air defense; and (6) conduct support.




a. Close Combat, Heavy

Compared to the baseline situation, the effect of wearing CW-protective combat
clothing in the simulated nuclear/chemical threat environment was to significantly decrease
the ability to acquire and destroy threat targets. The average number of engagements
decreased significantly. The engagement efficiency, defined as the sum of hits and near
hits divided by the number of shots fired, also decreased significantly. The average range
at which targets were engaged increased significantly, During the simulated nuclear/
chemical attacks, the loss-exchange ratio increased significantly to an unacceptable level,
For the simulated CW condition, the loss-exchange ratio was above the level that
U.S. Ammy doctrine states as necessary to maintain a successful attaclk.

Table III-1 summarizes for a number of combat measures the platoon performance
for close combat, heavy for the baseline and the simulated nuclear/chemical conditions; it
also includes the percentage change in performance measures between the baseline and the
simulated nuclear/chemical threat which we calculated from data from Draper and Lombardi
(1986). With one exception, targets killed in day defense, all positive and negative values
indicate a performance decrement for the simulated nuclear/chemical condition.

b. Command and Control

Compared with baseline, the number of unit commanders assessed as casualties
increased significantly during attack conditions for the simulated nuclear/chemical
conditions, but the number of commander casualties decreased during defense conditions.
More importantly, the time before the next ranking soldier assumed command when the
unit leader became a casualty was over 3.4 times as long for the simulated nuclear/chemical
condition compared to baseline, For the simulated nuclear/chemical condition, the
commanders appeared to be more active, had a higher workload, and appeared to become
more fatigued. When wearing MOPP 4, the leaders appeared to be disoriented, and had
difficulty regaining orientation even when controllers pointed out prominent terrain
features. In the simulated nuclear/chemical condition, there was difficulty in recognizing
leaders and squad or platoon members.

One important variable affecting overall platoon performance in the simulated
nuclear/chemical condition was the amount of prior nuclear, biological, chemical (NBC)
defense training of the leader. This variable was important even when the rest of the
soldiers in the platoon had little training. Itis interesting to note that none of the leaders
reported more than moderate NBC defensive triining,
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Table Il1-1, Summary of CANE Platoon Performance for Close Combat, Heavy

Simulated Percent
Measure of Performance Baseline Nuclear/Chemical Change
1. Direct Fire Engagements
All Weapons . - -52%
Mi6 .- .. -54%
2. __Engagement Etficiency 83% 87% -37%
|3. _Battle Intensity--Attack shots/min .- . = 69%
|4.__Engagement Range o - + 52%
{5. _Engagement of Friendly Forces 4.3% 19.8% + 360%
6. Ammunition Expenditures
Trigger pulls (attack) . - 43%
Trigger pulls (defense) . : = 22%
7. Targets Engaged
Attack 72% 54% - 25%
Detfense (day) 64% 61.4% - 4%
Defense (night) _51% 28.7% = 44%
8. Targets Killed
Attack 54% 42% - 22%
Night defense 28% 21% - 25%
Day defense 48% 51% + 11%%
9. _Duration of Battle 20.4 min 37.2 min + 82%
10. Infantry Attack 23% 53% + 32%
11. APC Attack .- =- + 130%
12. Loss-Excihange Ratio
Kill t/Kliled det 24 3.99 + 66%
& Performance was better under simulated nuclear/chemical condition. All other positive and negative
o values Indicate & performance decrement for the simulated nuclear/chemical condition, (Baseline and

simulated nuclear/chemical data from Draper and Lombardi, 1988; percent change calculated.)

There was a significant and important increase in dehydration during the simulated
P nuclear/chemical condition. At the end of the 72-hour period 83 percent of the soldiers
were "well above the value equivalent to 24 hours without fluid intake and 17 percent were

clinically dehydrated." (Draper and Lombardi, 1986, p. 2-9)

¢. Communications

Compared to the baseline condition the frequency of radio messages increased
47 percent and the duration increased 53 percent during the b. * segments for the
simulated nuclear/chemical condition.




d. Fire Support

During the simulated nuclear/chemical segment, the frequency of calls for indirect
fire support increased by 209 percent during attacks but decreased 11 percent during
defense. The duration of calls also increased. The leaders reported that they believed that
indirect fire was more lethal than direct fire during the simulated nuclear/chemical
condition, The decrease of calls for indirect fire during movement was attributed to the
increased workload of leaders and to the difficulty in locating targets.

Table III-2 summarizes the performance during the baseline and simulated
nuclear/chemical conditions for command, control, and communications (including calls for
indirect fire), It also includes the performance decrement due to the simulated nuclear/
chemical threat which we calculated from data from Draper and Lombardi (1986).

e. Alr Defense

The time that the mechanized infuntry platoon devoted to passive air defense
(camouflage) decreased significantly as the simulated nuclear/chemical 72-hour operation
progressed and no camouflage activity occurred during the last 26 hours of the operation.
In contrast, during the baseline condition, camouflage activity continued throughout the
72-hour period. Compared to baseline, time involved in camouflage decreased by
31 percent and the number of camouflage actions decreased by 39 percent during the
simulated nuclear/chemical condition.

f. Combat Support

The average time to conduct a complete personnel, vehicle, and equipment
decontamination was 83 minutes. A minimum training period of 2 hours prior to the
test provided adequate training. This phase of the exercise was important since it validated
the following new decontamination doctrine: (1) vehicle and platoon equipment
decontamination was accomplished by a dedicated chemical decon squad with assistance of
the combat platoon; (2) personnel and personal equipment decontamination was conducted
exclusively by the combat platoon with minimum training (2 hours).

The change in doctrine reduced the workload for chemical decontamination combat
support with a resultant force structure reduction. Some soldiers would have received skin
contamination during the overgarment exchange which indicates the need for some
additional training with agent stimulants.
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Table llI-2. Summary of CANE | Performance for Command, Control,
Communication, and Fire Support

Simulated Percent
Measure of Performance Baseline | Nuclear/Chemical | __ Decrement
1. Commander Casualties
Attack 50% 67% +34%
‘ Defense 50% 23% = 54%"
2, Time to Replace Commanders 1.4min 8.2 min +343%
3. Commander Casualties Replaced
Atlack 58% 23% -60%
Defense 33% 33% 0
4, Radio Messages
a. Battle Segments
Frequency +47%
Duration + 53%
b. Movement Segments
Frequency - - 8%"%
Duration + 4%
¢. Stationary Segments
Frequency . - +119%
Duration - = 3%%
5. Calls for Inclirect Fire
Attack .- . + 208%
Defense - . - 11%*
Duratlon (less than 10 sec) 71% 50% + 30%
& Performance advantage for simulated nuclear/chemical condition; all other positive and negative values
represent performance decrement for simulated nuclear/chemical condition. (Baseline and simulated
° nuclear/chemical data from Drapser and Lombard|, 1986; percent decrement calculated from thelr data.)
g. Evaluation of CANE I

Draper and Lombardi (1986) indicated that CANE I had the following deficiencies:

. .
o The 3-to-1 attacker-to-defender ratio was not maintained for the test platoon.

The opposing force platoon was scheduled to attack only one test squad; this

did not happen in many defense situations. More importantly, the test report

® failed to specify the battles during which the 3-to-1 attacker-to-defender ratio
was not maintained, therefore nullifying much of the defense data. It should

be noted, however, that the report by Draper and Lombardi (1986) used the
best available data while accounting for the deficiencies of the test.

»  Many of the controllers who provided subjective evaluations of the test were
® inexperienced, which limited both the amount and quality of the subjective
data.

The majority of the instrumented data for the three platoons was lost.
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«  Planned assessment of simulated chemical casualties was not accomplished.

«  The simulations of weapons firing and impact lacked some degree of realism
due to safety constraints,

h. Summary of CANE 1

In summary, Draper and Lombardi (1986) reported that command and control
suffers significantly in the simulated nuclear/chemical environment compared to a non-
NBC threat environment. When a platoon leader becomes a casualty, the next senior man
assumes command less than 25 percent of the time, They reported that it takes the platoon
four times longer to realize the platoon leader is a casualty. It was more difficult to direct
fire, maneuver, and maintain accurate platoon orientation. Platoon leaders get lost more
easily and find it harder to get reoriented. Platoon leader casualties are twice that of the
non-nuclear/chemical environment, Dehydration is a serious problem; 20 percent of the
soldiers were seriously dehydrated and were not aware of their dehydrated condition.

Compared to a non-nuclear/chemical environment, Draper and Lombardi (1986)
found that communications were degraded by 50 percent; the total time spent or radio
traffic increased by a factor of two.

In terms of direct fire, compared to a non-nuclear/chemical environment, Draper
and Lombardi reported that it t~nk twice as long to complete an attack. Firing rates are
decreased by 20 percent in defense and 40 percent in attack. Almost twice as much
manpower is required to complete an attack. The number of casualties per enemy killed
increases by 75 percent, There is a 50 percent reduction in the engagement of enemy
forces. Four times as many shots are fired at friendly personnel (20 percent compared to
S percent). Indirect fire is increased by a factor of three over the non-nuclear/chemical
environment,

B. FIELD TRIALS

1. Chemical/Blological (CB) Contact Point and Test Program (Project
D049)

a. Degradation of Performance of Maintenance Tasks

Two series of field tests were conducted in 1984 and 1985 to investigate the amount
of degradation of various maintenance tasks performed by troops encapsulated in CW-
protective combat clothing (MOPP 4), compared with wearing the Battle Dress Uniform
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(BDU). The objective of the tests was to determine the effects on representative
maintenance operations of wearing CW-protective combat clothing against a chemical
attack. The tests were conducted without live fire or the presence cf o chemical agent,
Wick and Motrissey (1987) reported the results of the 1985 test and Parker, Stearman, and
Montgomery (1987) provided a summary report which contained data from these two tests
and from other tests. Since the conditions under which the tests were conducted were
comparable, the data from the two tests were combined, reanalyzed, and reinterpreted by
Montgomery (1987).

In order to determine performance degradation, the time required for troops to
accomplish various maintenance tasks when dressed in BDU was compared with the time
required when dressed in MOPP 4, The maintenance tasks involved both heavy labor and
fine motor skill performance. Each task was performed by 10 teams--5 in 1984 and 5 in
1985. The following maintenance tasks were performed by one to four persons, as
indicated:

(1)  Remove and Replace M60A3 Tank Power Pack four persons
(2) Remove and Replace M60A3 Tank Transmission two persons
(3)  Remove and Replace M109 Howitzer BreechBlock two persons
4 Recover M60A3 Tank four persons
(5)  Repair M60 Machine Gun one person
(6)  Repair M109 Howitzer Traverse Mechanish one person
(7  Repair FADAC Printed Circuit Board one person

The way in which the field tests were conducted poses significant problems in
interpreting the results. The subjects were from the student brigade of the U.S. Army
Ordnance Center and School and were trained in the appropriate military operational
specialty (MOS), but the team members had no previous experience working together. The
tests were repetitive and performance on the tests improved during the testing cycle. If
performance on the seven tasks had been stable when wearing the BDU, a straightforward
experimental design would compare stable performance in the BDU with performance in
MOPP 4, After the decrement was determined for the various tasks, the reduction of the
degradation as the result of training to perform the task in MOPP 4 could be determined by
giving repeated practice on the tasks in MOPP 4, In the case of the present study,
however, baseline performance in the BDU was not established for any of the tasks prior to

m-7




testing in MOPP 4, This deficiency in the experimental design of the study has been noted
by Wick and Morrissey (1987) and by Montgomery (1987).

For two of the tasks, Remove and Replace M60A3 Power Pack (Task 1) and
Remove and Replace M60A3 tank transmission (Task 2), each crew performed the task
twice--once in BDU and once in MOPP 4, For these tasks, approximately half of the
crews performed the tasks first in BDU and the other half first in MOPP 4. For the
remainder of the tasks, multiple trials were conducted, but no attempt was made to counter-
balance the order of trial presentation. Since the data on all tasks indicated an improvement
in performance over trials, the analysis and interpretation of degradation due to MOPP 4
was confounded by improvement on the tasks during the study.

Regression analysis was used to analyze the data (Wick and Morrissey, 1987)., The
following general regression expression was used to estimate the dependent variable, i.e.,
the time to complete the task, by quantifying the relationship of several independent
variables:

T = To +a(x) + b(y) +e
where:
T = the time in minutes to complete the task
To= the practiced, unencumbered time
x = clothing type
y = orderin which an event was started
¢ = the error term,

Wick and Morrissey (1987) assumed that x would be zero when BDUs were worn, and
one for MOPP 4, and y was assigned a one if the event was being completed for the first
time, and zero if the event had been completed more than one time. Thus, the expression
without the error term is:

T= To+a+b

where

a= the correction in minutes for MOPP 4
b= firsttrial practice effect.




T
The MOPP 4 degradation factor for any task is =—— and the correction factor is

Ty+a
-+
I-%-B- (Wick, Morrissey, and Klopcic, 1987; Wick and Morrissey, 1989; Wick and
0

Morrissey, 1987; Wick, 1988). The correction factor when multiplied by T, gives the
expected time to complete a task in MOPP 4 (Wick, 1988). Davis et al. (1990) later called
the correction factor a Performance Decrement Factor.

Consequently the regression analysis was used to predict and account for the effects
of learning by separating the effects of the first trial from later trials on each task (Wick and
Morrissey, 1987; Parker et al.,, 1987). The regression analysis assumed that learning
occurred only on the first trial. For one of the tasks, Recover M60A3 Tank, the regression
analysis indicated a 90 percent performance degradation as a result of MOPP 4 for the 1984
tests but a 10 percent degradation for the 1985 tests (Montgomery, 1987). Consequently,
Montgomery questioned the assumption that learning was important only for the first trial,
He concluded that the "regionalized statistical approach,” which accounts for a continual
learning process, was appropriate to determine degradation effects of MOPP 4, According
to Montgomery the regionalized statistical approach not only uses the magnitude of a
measurement but also considers its location in time and space (Montgomery, 1987).

For each trial he reorganized the data according to the order that BDU or MOPP 4
dress was used. Several of the Montgomery data tables are presented in Appendix D to
illustrate problems with the experimental design and to provide additional analyses.

Montgomery (1987) graphically presented the order data (time by trial) and
concluded that the "learning curves are so strong they tend to bury all other effects in the
data" (Montgomery, 1987, p. 17). Montgomery correctly pointed out that performance
improvement is a result of two factors--learning to perform the task and adaptation to
MOPP 4, but the small number of subjects for each trial and an inadequate experimental
design made it difficult to separate the two effects,

Montgomery (1987) reported that, when the regionalized statistical analysis
approach was used, performance on tasks using gross motor skills was degraded about
30 percent due to MOPP 4. He estimated that the degradation could be reduced to about
20 percent through regularly scheduled training in MOPP 4. He also noted that his analysis
indicated performance in BDU can be increased between 100 and 200 percent through
repeated practice of the tasks. He found that fine motor skills were degraded an average of
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60 percent by MOPP 4, He estimated that the degradation could be reduced to 50 percent
or less through training in MOPP 4. Indeed the importance of training is underscored by
the fact that "adaptation to and functioning in MOPP improved with each additional try"
(Montgomery, 1987).

Table III-3 was constructed by the current authors to summarize Montgomery's
regionalized statistical analysis approach and an analysis based on Percent Time

Degradation (D) using the data presented by Montgomery (1987).

Table 111-3, Summary of Percent Time Degradation of Maintenance
Task Due to MOPP 4
Montgomery Taylor &
Task Numbar Title (1987) Orlansky (DT)

1 R&R MB0A3 Tank Power Pack 35% + 20% 26.4%
2 R&R MBOAB Tank Transmission 50% 38.8%
3 R&R M109 Howltzer Breech Blook 25% + 25% 26%
4 Recovery of M60A3 Tank -.a --a
5 Repalr of M60 Machine Gun ob
L] Repair of M108 Howitzer Traverse Mechanism | 50% + 30% 31-37%
7 Repair of FADAC Cirouit 8 -

& Lack of data for BDU prevants calculation of degradation,
b Waighted mean for first three triais (BDU X = 10,7, N = 18; MOPP 4 X = 10.8,N = 17),

It is important to discuss several iessons learned from the above analysis of the
tests. Since it is expensive to conduct field tests such as these, proper attention should be
given to the experimental design of the test in order that the results can be interpreted.
These field tests had several deficiencies, First, the teams and/or individuals were not well
trained in the tasks to be performed. It is important to use subjects that are well trained in
performing the tasks. Second, a stable performance baseline in BDU was not established
prior to the introduction of the experimental condition--MOPP 4. If possible, a
performance baseline should be established prior to the introduction of MOPP 4. If this is
not possible, a counter-balanced design should be used in an attempt to balance practice and
learning effects. Third, in a number of cases, no meaningful comparisons could be made
between BDU and MOPP 4 due to lack of data, Enough subjects or trials should be
conducted to permit comparisons between the baseline and experimental conditions and to
permit inferential statistics with enough "power" to enable the results to be used with
confidence. Fourth, for none of the tests were enough trials conducted after the
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introduction of MOPP 4 to determine the effect of training in MOPP 4 although this was
stated as an objective of the tests. After introducing the experimental condition, it is
important to conduct enough trials in MOPP 4 to demonstrate the effect of training in
MOPP 4,

In the present case, an extensive field experiment was conducted without an
appropriate experimental design. The lack of attention to experimental design and statistical
procedures has resulted in results that are difficult to interpret.

b. Performance Degradation of Night Reconnaissance Mission

Ramachandran and Montgomery (1987) reported a field test conducted at
Camp Pendleton in August 1985, which compared the effectiveness of marines performing
a simulated night reconnaissance mission under BDU and MOPP 4 conditions, The study
was also designed to determine if training would reduce performance degradation, The
tasks for the mission were:

(1) Route reconnaissance

(2) Photographing a target

(3) Emplacement of a claymore mine

(4) Air and water sampling for contamination

(5) Hasty sketching of o dam

(6) Moving between different objectives.

Three four-person teams performed each task once in BDU and twice in MOPP 4,

The dependent measure was time to perform the task. Table I11-4 indicates the order in
which each team performed the trial.

Table li-4. Trlal Order
Team 18t 2nd 3rd
1 MOPP 4 BDU MOPP 4
2 MOPP 4 MOPP 4 B8OV
3 BDU MOPP 4 MOPP 4

The authors reported that the data were not sufficient to permit statistical evaluation.
They found that "Since learning and adaption occurred each tiine a team performied a task, it
was impossible to identify statistically the specific performance degradation due to
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MOPP 4." They reported that ", . . such an analysis could have been possible if the trials
had been repeated with more soldiers who were familiar with the performed tasks"
(Ramachandran and Montgomery, 1987, p. 5).

The authors averaged, for two teams, the performance times for each task
performed under the MOPP 4 condition for each trial order, i.e., each data point consisted
of the average of two teams for each ordered trial (1st, 2nd, 3rd). For exemple, for the
Route Recon task Teams 1 and 2 performed the task for the first trial in MOPP 4, Teams 2
and 3 performed the task for the second trial in MOPP 4, and Teams 1 and 3 performed the
task for the third trial in MOPP 4. When the data are examined in this manner, there is an
improvement over trials for most tasks, but the effects of learning the task and adapting to
MOPP 4 are confounded.

The data for the BDU condition were also displayed by the order in which the task
was performed. These data consisted of a single datum per trial since the BDU condition
was performed only once by each team., Based on data from the three ordered trials,
Ramachandran and Montgomery (1987) concluded that: (1) a comparison of movement
times between trials i» BDU and MOPP 4 resulted in a time increase of 150 to 200 percent
for MOPP 4; (2) practice improved performance by 66 percent for BDU and by 5 to
10 percent for MOPP 4,

Table III-S compares the means of these ordered data from Ramachandran and
Montgomery (1987) for the three teams averaged across five tasks, i.e., route recon,
move #1, move #2, water sample #2, and extraction move for the BDU and MOPP 4
conditions. The data from Ramachandran and Montgomery (1987) were used to calculate
the percent improvement based on a comparison of the difference between trials 1 and 3
divided by trial 1; these results are also contained in Table III-5, The results indicate an
improvement of 66 percent for the BDU condition and 17 percent for the MOPP 4
condition,

We also calculated percent time decrement (DT) for MOPP 4 compared to BDU for
the three ordered trials using the data in Table III-5. For ordered trial 1, DT = —-6%; for
ordered trial 2, Dt = ~30%; and for ordered trial 3, DT = -=163%. Thus while
improvement was found with practice for both BDU and MOPP 4, the performance
decrement resulting from wearing MOPP 4 compared to BOU increased as performance in
BDU approached asymptote,
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Increased heat storage as a result of the MOPP 4 configuration was the primary
problem during the trials. Perspiration resulted in loss of mask integrity and caused
breathing problems. Boots slipped, snagged on vegetation, and provided unnatural
feedback of the ground; voice communication was poor, "Stealth was totally lacking . . .
because of high noise levels, slow movement, tripping and snagging, bunching, and poor
use of protective cover” (Rarmachandran and Montgomery, 1987, p. 15), The data also
indicate the significant time penalty due tcs wearing MOPP 4. Further, the data indicate that
performance in MOPP 4 can be improved with practice. The experimental design results in
a confounding of the improvement due to learning to do the tasks better and learning to
perform the tasks in MOPP 4,

Table 11-8. Mean Time for 3 Teams Performing Five Tasks by Trial Order

tor 8DU and MOPP 4 (N = §) (Data from Ramachandran and
Montgomery, 1987, percent improvement calculated)

BOU MOPP 4
Trial (Mean Time in min) Improvement Trial (Mean Time in min) Improvement
- T1-T38 - T1-T3
1 2 3 X T 1 2 3 X T
69 63 30 607 66% 95 82 79 853 17%

Wick, Morrissey, and Klopcic (1987) reported the results of night reconnaissance
operations similar to those reported by Ramachandran and Montgomery (1987) but
conducted at Camp Pendleton in Scptember 1985. The program was designed to evaluate
the operational capabilities and to quantify the degradation of performance which results
from wearing MOPP 4. The measure of degradation was the time difference between task
performance with BDU and MOPP 4. The subjects were three teams of four members
each. None of the teams practiced the exercise or received special instruction in wearing or
completing the tasks in MOPP 4. The tests were repetitive and the subjects gained
experience during the course of the field trial.

The tasks were performed in the following order:
(1) Route reconnaissance

(2) Photograph a target

(3) Move to first objective




(4) Emplace a claymore mine
(5) Take an air sample

(6) Move to second objective
(7) Take first water sample
(8) Make hasty sketch of dam
(9) Take second water sample
(10) Move to extraction point.

Each of the three teams completed the above tasks three times over a period of
8 days, The clothing conditions are shown in Table ITI-6:

Table 11I-8. Trial Order by Team

Team 18t 2nd 3rd
1 BDU MOPP 4 MOPP 4
2 MOPP 4 BDU MOPP 4
3 MOPP 4 MOPP 4 BDY

The field data collected was the time in minutes for each team to complete a task.
Regression analysis was used to analyze the data. The regression equation T To+a+b
previously discussed was used to account for titne to complete the task.

In an attempt to account for the fact that no performance baseline was established
prior to conducting the test, the authors account for the effect of practice by including in the
regression analysis an experimentally determined lineur correction term for first trials, This
assumes that the effect of practice occurs only on the first trial. In other studies
Montgomery (1987) has noted that this assumption was not warranted, but there was no
independent way to test the assumption for this study.

Using the 1egression analysis approach, degradation factors were computed for
each night reconnaissance task. The inverse of the degradation factors, the MOPP
correction factors, and the probable range are presented in Table I11-7,

Using the regression analysis approach, the greatest effect of MOPP 4 was found
for the movement tasks. The authors also reported that stealth was generally lost during
night movement while wearing MOPP 4.




Table lil-7. Night Reconnaissance MOPP 4 Correction Factors
and Probable Range

Task MOPP 4 Correction Factors Probable Range
Route Recon, 1.2 08-1.5
Move to 1st Objective 1.4 1.241.7
Take Air Sample 1.0 0.6-1.2
Move to 2nd Objective 1.5 1.3-1.8
Take 18t Water Sample 1.1 0.3-1.8
Hasty Sketch of Dam 1.1 0.8-1.3
Take 2nd Water Sample 1.3 1.0-1.7
Move to Extraction Point 1.4 1.0-1.9

¢. Performance Degradation of HAWK Missile Operations

Parker and Stearman (1987) reported the performance degradation of HAWK
missile operations as a result of wearing MOPP 4, Six marine assault fire units, three from
Yums, Ariz., and three from Cherry Point, N.C., conducted HAWK missile launch
operations, which were repeated 3 to 6 times on 3 consecutive days. During 1 day the
marines were dressed in BDU and for 2 days they were dressed in MOPP 4. The time to
set up the equipment for a launch of the HAWK missile, the time to disassemble and
prepare for movement, as well as the total time of the operation were recorded. Times were
recorded for 42 tasks.

The order of performing the operation for the three units at each site is shown in
Table I11-8:

Table lII-8. Order of Conditions

Untt 18t Day 2nd Day 3rd Day
1 BOU MOPP 4 MOPP 4
2 MOPP 4 BDU MOPP 4
3 MOPP 4 MOPP 4 BDU

Separate statistical analyses were performed on task data collected at the two test
sites. Kruskal-Wallis Tests were used to test for differences among the nine cells for cach
of the 42 tasks. Two-way analyses of variance (condition by unit) with unequal numbers
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of observations were performed. When significant differences were observed, Mann-
Whitney U tests were used to compare the means two at a time.

The Kruskal-Wallis Test indicated a significant difference in performance times for
34 of 42 tasks at Cherry Point and for 39 of 42 tasks at Yuma. The ANOVAs indicated a
significant difference for; (1) Conditions, for 5 tasks at Cherry Point and for 9 tasks at
Yuma; (2) Units, for 10 tasks at Cherry Point and 13 tasks at Yuma; (3) Interaction,
(Conditions by Units) for 22 tasks at both Cherry Point and at Yuma. An analysis of the
interaction indicated that the time to perform a task was longest for the first performance
regardless of the condition,

Again, the lack of prior training on the tasks limits the interpretation of the data.
It is clear there is a confounding of learning to perform the task and adapting to wearing
MOPP 4.

Morrissey and Wick (1989b; 1989¢c) analyzed the same data of the field studies
conducted at Cherry Point and Yuma, respectively, The Cherry Point field test was
conducted in a warm environment (temperatures 80° to 95°F) with high humidity. The
Yuma field study was conducted in a moderate environment (temperature 60° to 85°F) with
low humidity. As in the Parker and Stearman (1987) study, the measure of degradation
was the time to perform the various tasks in BDU and MOPP 4, The performance
dsgradation of the three HAWK Assault Fire Units at both Cherry Point and Yuma were
analyzed by Morrissey and Wick (1989a; 1989b) in terms of five end items. Table ITI-9
shows the conditions and the source of correction factors for Cherry Point and Yuma.

Table 11i-9. Range of Correction Factors for Tasks for Five items of HAWK
Misslle Assault Fire Unit Equipment (From Morrissey and Wick, 1988b and ¢)

Ranga of Correction Factors for Tasks
Equipment
Cherry Point Yuma
Platoon Command 1.1-23 0.7-1.4
Continuous Wave Acquisition Radar 1.4-2.0 1.0-1.4
High Power lllumination Radar 1.3-2.8 1.1-1.8
Launcher 1.0-2.8 0.7-1.6
Pulse Acquisition Radar 1.0-2.2 0.7-1.8




The range of correction factors on the individual items of equipment were higher for
the Cherry Point operation as compared to Yuma, Momissey and Wick (1989a) reported
that the correction factor to set up and prepare to fire a missile, a measure of the efficiency
of the assault fire unit, was 1.4 for Cherry Point "which is approximately the same as that
obtained during the Yuma trials."

d. Armor Operations 1

The Armor Operations I investigated the ability of tank crewmen to perform their
tasks while in MOPP 4 (Barry, Stack, Henry, Enrig. :, and Welch, 1987). This study
included acquiring and engaging targets and mission degradation of tank platoons due to
wearing MOPP 4 during a defensive operation, The field trial evaluated mission
performance during a scheduled training exercise; the availability of personnel was limited.
The performance of personnel in the BDU was used as a baseline for comparing
degradation. The field trial consisted of the following four phases: (1) planning and
preparation for defense; (2) movement from assembly area to battle positions; (3) enemy
engagement; and (4) consolidation, Time to perform the various tasks during the four
phases of the operation was the primary performance measure but, the number of rounds
fired and the number of target hits were recorded during the enemy engagement phase. A
degradation factor was calculated by dividing the time to conduct the operations in MOPP 4
by BDU time for the respective operation,

Three tank platoons conducted nine armor operational trials; three trials were
conducted in BDU and six trials were conducted in MOPP 4. Each platoon consisted of
four tanks. Each trial consisted of one or two repetitions of armor operations. Each
platoon conducted one trial in BDU and two in MOPP 4, Platoon A and C conducted the
first trial in BDU and platoon B conducted the third trial in BDU, The field trial was
conducted under a wide range of temperature conditions, l.e., 7.6°C to 28.2°C (45.7°F to-
82.8°F).

The Mann-Whitney U Test was used to analyze the data due to small, uneven, and
non-normally distributed samples.

All phases of operations were successfully completed in MOPP 4 but the following
two were performed significantly more slowly in MOPP 4 than in BDU: (1) Phase:
Planning and Preparation for Defense; Task: boresight M85 .50 caliber machine gun
(degradation factor 1.2); (2) Phase: Movement from Assembly Area to Battle Position;
Task: Conduct bounded overwatch (degradation factor 1.5).
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The exercise was conducted for 2 consecutive days for about 6 hours per day.
There was a time decrement for the above two tasks on the second day, but there was an
improvement in the time to perform the bounded overwatch task (1.2 vs 1.5). The
boresight of the machine gun task showed more degradation on the second day (1.6 vs
1.2). The bounded overwatch maneuver is used when contact with a hostile force is
expected, The two sections move by "bounds" during which one section is positioned to
"overwatch" and provide supporting fire as the other section moves.

The authors recommended that armor units emphasize training under CW-
conditions to ensure competent individual and unit performance.

Poor visual perception and lack of finger dexterity were viewed as the primary
cause of the boresighting performance degradation, Evaluator comments included:
"impossible to boresight .50 caliber with gas mask and rubber gloves"; "can't get [a) good
lay on target, let alone use binoculars"; "rubber gloves cumbersome in handling allen
wrench for boresighting .50 caliber, mask limits actual accuracy of . , . boresighting on
target," Barry et al, (1987, p. 22).

The mean performance times were 11,5 min in BDU and 16 min in MOPP 4 a Dt
(time decrement calculated from Barry et al. data) of =39 percent,

Morrissey and Wick (1989a) used regression analysis on the same data to compute
correction factors and probability range for six tasks, The results of this analysis are
shown in Table III-10.

Table 111-10. Correction Factors and Probabllity Range for Armor Tasks
(From Morrissey and Wicks, 1989a)

Task Correction Factor Probability Range |

Prepare Driver Station 1.1 0.8-1.4
Check Engine and Transmission In Fluld Levels 1.2 0.8-1.5
Perform Preventative Maintenance and

Atter Operations Checks and Service 1.2 0.9-1.4
Platoon Movements 1.8 1.4-1.8
Target Acquisition 1.0 1.0
Fidng Accuracy 1.0 0.9.1.0
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e. Performance Degradation of Communications

Stack and Sager (1988) investigated the effect of wearing MOPP 4 on radio
teletypewriter operation in a simulated tactical environment., The operational scenario
consisted in setting up and breaking down the communication equipment and typing word
lists (simulation of message traffic), Two factors were investigated: (1) MOPP 4 versus
BDU; and (2) level of experience. The test was conducted during a scheduled field training
exercise and the performance measures used were time and accuracy, Eight teams of five
members each were used as subjects. A total of 76 tria]s were conducted; 24 trials were
conducted in BDU and 52 trials were conducted in MOPP 4 over two days. The results
indicated that the teams were able to successfully conduct the communications operations
while wearing MOPP 4 but the times to accomplish the following four tasks were
significantly longer than the task times for BDU: (1) installation and camouflage of
equipment, correction factor of 1.6; (2) communication (type word lists), correction factor
of 1.3; (3) disassemble equipment, correction factor of 1.4; (4) disassemble camouflage,
correction factor of 1,3, Performance improved on the degraded tasks for the second day,

The Mann-Whitney U Test was used to test for significant differences for 11 tasks
concerned with installation and camouflage of radio teletypewriter. Seven of the 11 tasks
had significantly better performance when performed during the second MOPP 4 day than
during the first, For three of the tasks the performance of the second MOPP 4 day was
better than the performance in BDU, It is clear that a stable baseline was not established for
performance in BDU. Consequently, the effects of learning to perform the task are
confounded with the effects of training in MOPP 4.

Wick and Morrissey (1989) analyzed the data for selected Radio Teletypewriter
operations; Table III-11 lists the correction factors and their probability range.
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Table 1ll-11. Correction Factors and Probabliity Range for Radlo
Teletypewriter Tasks (From Wicks and Morrissey, 1989)

Radio Teletypewriter Tasks Correction Faotor Probability Range
Install Generator 1.4 0.9-18
Camouflage Trailer 1.3 1.2-1.5
Camouflage Truck 1.0 1.0-1.2
Install Antenna 0.6° 0.8-1.0
install ANVGRC 106 0.8% 0.6-1.1
install ANNMRC 138 0.7% 0.3-1.1
Remove RATT 1.2 1.0-1.3
Remove Antenna 1.3 1.1-1.5
Remove Traller 1.2 1.0-1.3

& Probably not degraded.

The results indicated that several tasks were not degraded by wearing MOPP 4 and
all tasks were completed.

2. Paychological and Physiological Effects of NBC and Extended
Operations (P2NBC2)

The Airland Battle doctrine requires extended operations under integrated battlefield
conditions where NBC agents are employed. To determine the ability of combined arms
forces to operate under NBC conditions, the Vice Chief of Staff of the Army, on May
1984, initiated a program to assess the psychological and physiological effects of NBC and
extended operations on combat vehicle crew performance (P2NBC2), The objectives of the
program were to: (1) measure the physiological and psychological effects of the NBC
environment and of sustained operations on systems in combat; (2) provide data for
operational risk factors analysis for field commanders; (3) determine the effect of training,
doctrine, and equipment on crew performance and endurance; and (4) support the
development of training, doctrine, organization, and materiel. Blewett (1991) describes
three studies conducted under the PANBC2 program to demonstrate that the program focus
is on the NBC operation as a complete system which consists of the soldier, equipment,
doctrinc . training, and organization all tested in a realistic field environment.




a. Armor Operations

Ellis, Elliott, Johnson, Pimental, Rauch, and Smith (1986) reported the results of a
field test which was conducted to determine the decrement in performance of armor crews
dressed in MOFP 4,

In order to reach the test objectives and test safety factors and test instrumentation,
the following three-phased approach was used:

Phase JA Baseline Testing-Work-Rest cycle in M60A3 Turret Training (24 hours)
Phase IB Baseline Testing-Exhaustion in M60A3 Turr¢: Trainer (24 hours)

Phase II  Baseline Testing-Stationary Tank (24 hours)

Phase I Composite Platoon with Tactical Scenario (72 hours).

Phase IA. The purpose of Phase IA was to determine if crew members could
perform assigned duties for a 24-hour period in a moderate thermal environment using the
M60 Turret Trainer and performing under the following two CW-protective combat
clothing conditions:

¢  BDU with NBC mask and combat vehicle crewman (CVC) helmet
*  MOPP 4 and CVC helmet,

Due to a limited number of volunteers only condition two (MOPP 4 and helmet)
was tested. A work-rest cycle of 2 hours of intensive mental and physical actlvity in
MOPP 4 and 1 hour in a cool environment without MOPP 4 was used. The work task
simulated the procedures used for engagement of multiple targets (58 targets during 2-hour
period). In addition, the work cycle included the following: encode or decode a message,
identify 10 vehicles and perform the following psychological tests: Logical-Reasoning,
Encode-Decode, and Trails Sequential Spatial Test and the Walter Reed Performance
Assessment Battery (PAB).

Two three-man tank crews participated in the Phase IA test, The subjects, without
penalty or coercion, could terminate the test at any time. The primary performance data
collected related to the gunnery tasks required for each engagement. Accuracy data was
recorded via two video cameras, One of the two crews completed the 24-hour test. The
individual endurance times ranged from 13.88 hours to 24.00 hours with an average of
19.92 total hours. Target engagement times increased throughout the test (linear function).
The crews maintained the ability to accurately process information but lost speed over the
test; a significant decrement was found after 7 hours,
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Phase IB. During this phase, the rest period was eliminated and an ammunition
loading exercise, which consisted of loading 63 rounds, was included. The CW-protective
combat clothing conditions and number of subjects used in Phase 1A were used in this
phase.

As in Phase IA, target engagement times increased throughout the test; the
engagement time trend was determined to be a linear function. Neither crew lasted longer
than about 9 hours. For one crew the loader passed out after 9 hours; for the second crew
the loader had to be carried out after about 7 hours. Observations indicated that the loaders'
performance on basic tasks degraded after only 3 hours. Accuracy on the psychological
tests was maintained but speed decreased as the tests progressed; a significant decrement
was found after only 2 hours.

Phase II. The purpose of this phase was to compare the ability of crews to
perform assigned duties in a stationary M60A3 or M1 tank with hatches closed while
wearing MOPP 4 or mask only, The engagement task was similar to the previous phases
but the ammunition loading task consisted of loading 63 main gun rounds for the M60A3
and 55 for the M1, Full crews (tank commander, gunner, loader, and driver) were used.
Datu collection was similar to Phase IB. Target engagement times were plotted as in
previous phases, Engagement time increased throughout the test; the time trend was
determined to be a linear function,

The average individual crew member endurance times were 8.73 hours for the
MG60A3 and 5.25 for the M1, No crew in either MOPP 4 or mask only was able to
complete more than 11 hours., The average crew lasted for 10.09 hours in the M60A3 and
for 6.41 hours in the M1.

Phase III. The differences in purformance under simulated NBC conditions
between M1EL1 (later type classified as M1A1) tanks equipped with microclimate cooling
and overpressure, and M60A3 and M1 tanks without microclimate cooling and
overpressure were investigated. The test consisted of a platoon composed of one M1E1,
one M1 and two M60A3 tanks. The platoon conducted, under simulated NBC conditions,
continuous tactical operations for 72 hours against an opposing force.

The tactical scenario was made as realistic as possible, Tl test was designed to
observe the effects of the contaminated environment on the platoon's, the crew's and the
individual's ability to perform tasiks required during a simulated combat mission. The
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tactical scenario consisted of the following components: movement to contact, hasty attack,
defense, offense, and defense against aircraft.

The test was designed to address the following issues:

* Are the MIE1 and related NBC equipment reliable for extended
operations?

What defradation in crew performance results from employing a fully
combat loaded M1E1 during extended operations in a contaminated
environment?

*  How long can each volunteer crew member remain in an M60A3 tank
with hatches closed wearing either (1) an NBC protective mask or
(2) full MOPP 4 gear before reaching his confinement or performance
limits, where he becomes incapable of complating his assigned duties?

+ How long can each volunteer crew member remain in a M1E1 tank
with its hatches closed and overpressure on, wearing underwear,
NOMEY., microclimate cooling gear/Kevlor vest and either battle dress
overgarment (BDO) or chemical protective overgarment (CPO), before
reaching his confinement or performance limits, where he becomes
incapable of completing his assigned duties?

»  Is the proposed load plan for the M1E1 adequate?.
--Ellis et al., 1986, pp. 2-89, 2-90

The MILES was used to enhance reality and provide crew members immediate
feedback on kills and misses during the gunnery portion of the scenario. When a weapon
is fired the MILES interprets the effect on the target based on the weapon characteristics,
accuracy of the engagement, and a predetermined hit probability, and triggers an audio and
visual effect on the target vehicle. If the engagement results in a "kill" the target vehicle's
weapon systems are disabled.

The opposing force was a platoon equipped with five M551 tanks which were
modified to represent Soviet T-62s and BMPs. The opposing forces were trained in Soviet
tactics.

As in the earlier phases, video cameras were used to collect performance data for
gunnery tasks. Each crew member was monitored for physical appearance, heart rate, and
rectal temperature. Psychological data were collected as in the earlier phases.

The average crew member endurance times for the M60A3 was 7.25 hours; for the
M1, 6.95 hours; and for the M1E1, 16.78 hours. The average M1E1 endurance time was
significantly different (at the 99 percent level of confidence from both the M60A3 and the
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M1 endurance times). There was no significant differsnce between M60A3 and M1
endurance times. When two of the four crew members in a tank withdrew, the tank was
considered operationally ineffective and was withdrawn from the test. The average crew
operational loss time for the M60A3 was 7.83 hours; the range for the six crews was
4.65 hours to 12,65 hours. The average crew operational loss time for the 3 crews in the
M1 was 7.81; the range was 3.83 to 12,65 hours. The average crew operational loss time
for the three crews in the M1E1 was 16.94 hours; the range was 13.32 to 23.17 hours.

Although none of the tanks completed the 72-hour mission scenario, the endurance
times for the crews in M1E1 were 2-3 times longer than the M1 or the M60A3. Thete was
no difference in the endurance times for the M60A3 and the M1 crews. In no case was the
crew member removed due to exceeding the rectal temperature. The symptoms reported by
crew members terminating included severe headache, nausea, dizziness, fatigue, cramps in
legs, blurred vision, poor hearing, and inability to concentrate, ‘

The results of the MILES engagement indicated that all vehicles hit during the test
had crews dressed in MOPP 4 or tanks with overpressure, The kill ratios for vehicles with
crews dressed in MOPP 4 that continued after 6 hours degraded rapidly; the M1E! kill ratio
remained relatively constant throughout the test. The MILES average kill ratio for the -
MIE1 in a night defense scenario was four times better than tanks in MOPP 4 and two
times better during daylight defense.

The results of the evaluation of a total of 88 combat mission tasks indicated that for
18 tasks the criterion was not met (20.45 percent); for 44 tasks the criterion was partially
met (50 percent) and for 26 tasks the completion criterion was fully met (29.54). All of the
18 tasks that were not met were directly related to the CW-protective combat clothing., For
instance, the crews could not properly establish communications, and the platoon was
extremely vulnerable to air attack. No aircraft sortie during the test was detected or
engaged by any of the 12 tanks. The platoons could not effectively reorganize after
confrontation with the opposing force. The platoons had "extreme difficulty moving cross-
country, particularly at night and during periods of reduced visibility, They also had
extreme difficulty in detecting targets while over watching the movement of their own
vehicles" (Ellis et al., 1986, p. 2-107). The platoons were very limited in preparing and
occupying battle positions. The platoons were also unable to provide adequate local
security and were extremely vulnerable to dismounted attacks particularly at night.




In addition to tactical operations, the following tests were conducted: (1) gunnery
subtest, (2) boresight subtest, (3) entry/exit procedures subtest, and (4) hammock and
Preventive Maintenance Checks and Services (PMCS) subtest,

The gunnery subtest was designed to measure the degradation in gunnery
performance when an M1E!1 crew engages targets in a chemically contaminated
environment; no useful gunnery data were collected during the scheduled test.

The boresight subtest was designed to assess the effects of contaminated chemical
conditions on the basic gunnery task of boresighting the 120-mm cannon. Three subjects
were trained in the boresighting procedure and three baseline trials were conducted in
BDU. The test was performed in MOPP 4 and simulated overpressure in an M1 (the M1E!
was not available; the M1 has a 105-mm cannon). The average time (min:sec) to boresight
in BDU was 7:15 for the primary method (range was 6:55-7:40) and 7:40 for the alternative
method (range was 7:20-8:10), The average time in MOPP 4 with overpressure was 72:47
for the primary method (range was 70:19-74:43) and 80:23 for the alternative msthod
(range was 79:08-81:10).

The boresight accuracy was verified for the primary and alternative methods for all
three trials performed in BDU and for all three trials for the primary method in MOPP 4
with overpressure, The boresight was not verified for any of the three trials using the
alternative method in MOPP 4 with overpressure, The loader had trouble focusing through
the Pye-Watson Device with the protective mask using the primary method, and was unable
to complete the task using the alternative method since the threads on the end of the gun
tube could not be seen clearly enough to complete the boresight properly.

The task of boresighting an M1E1 tank wearing CW-protective combat clothing is
feasible but takes 10 times as long as in BDU,

The objective of the entry/exit procedures subtest was to evaluate the
comprehensive means of the draft entry and exit procedures for the M1E1 tank. The basic
issue was to determine if the crew can reestablish an uncontaminated environment after
reentry into the tar' The average time to complete the entry/exit procedures for one
crewman was 101 minutes and 38 seconds. Ellis et al. (1986) indicated that going from
MOPP 2 (inside M1E1) to MOPP 4 outside the tank and disconnecting from the micro-
cooling system can be devastating for the crew member exiting the vehicle.

The objective of the hammock and PMCS subtest was to evaluate an MIE1 crew's
performance of critical preventive maintenance checks and services and to use a hammock
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for resting during extended operations under CW conditions. The subtest was to determine
if a hammock can be mounted safely inside the M1E1 tank without moving equipment and
if crews can sleep in the hammock, The results indicated that a hammock could be strung if
the main gun was fully raised to provide clearance for a crew member unit to sleep in the
hammock. Safety was compromised, in part, since the person was suspended over the
main gun, Since turret power was on, engagement of the gunner's or the tank
commander's control handles could result in injury to the sleeping crew members.
Consequently, the turret gun drive would have to be immobilized to assure safety. The
loader was able to accomplish all preventive maintenance checks and services, These
consisted primarily of checking the air intake grill for blockage, checking the suspension
systems, and clearing all vision blocks and optics, The entry and exit procedure took more
time than the PMCS. Sleeping in the hammock was judged to be mere restful than sitting
in the gunner's seat.

Phase IV, Glumm (1988) reported a field trial, IRONMAN, designed to observe
operations of the M1 tank under simulated NBC conditions for 72 continuous hours and to
observe the effects of modifications in equipment and procedures on crew performance and
endurance. This study is Phase IV of the previous study reported by Ellis et al, (1986).
Twelve armor crews (48 crewmen) participated in the study which involved two M1 test
vehicles enclosed in the moving target simulator. The performance and endurance of 12
crews were measured during a simulated tactical scenario under one of the following five
test conditions: Baseline (two iterations), Training/Doctrine, Hardware, Combined, and a
Modified Combined condition. Two crews participated in each of the iterations. During
the Baseline conditions, crews received clothing, equipment, and M1 hardware currently in
the inventory and the crews conducted operations based on current training and doctrine.
In the Training/Doctrine condition crews used modified procedures. In the Hardware
condition, crews wore a different protective mask and used newly developed equipment,
The Combincd condition combined the Hardware and Training/Doctrine conditions. The
Modified Combined Condition was the same as the Combined except the XM42 protective
mask was worn instead of the XM43 and the crew had music, a commercial beverage and
crew rotation was used. Each test iteration was 1 week long. The tests were conducted
under temperate climatic conditions (temperature range 21.7-24.6°C or 71.1-76.3°F),

Based on core temperature data, heat stress was not a factor but no crew member
completed the 72-hour field trial. Whei 2 members of each four-member crew withdrew,
the crew's participation in the trial was terminated., The staytime for individual crew
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members ranged between 3 and 32 hours and the mean time of withdrawal was 14.5 hours,
Sixty-three percent of the crewmen who withdrew, did so between 8 and 13 hours. The
four bascline crews averaged 22.4 hours; the range was from 16.5 to 32.3 hours. The
endurance of the other crews for the other four experimental conditions ranged from 9.8 to
23.5 hours. The mean crew ¢.. irance time for the four experimental conditions was 13.6
hours. The most common symptoms included heat discomfort and sweating, nausea,
breathing difficultizs, and headaches. None of the crewmen was withdrawn due to having
reached the physiological limits (defined by core temperature or heart rate). Performance
measures were 1ecorded for target engagement, target tracking, message encoding and
decoding, and driver skill, Other tasks performed during the "resupply"” period (every
6 hours) were ammunition resupply, refueling, weapon assembly and disassembly, and
vehicle/aircraft identification. Over 99 percent of all targets engaged were hit; only 4 targets
were missed during the study. The number of targets engaged decreased during the study
and the time to engage targets increased.

No statistical analysis of the effects of test conditions was made concerning their
sffect on crew performance and endurance due to "limitations in the sample size and the
confounding of many variables" (Glumm, 1988, p. 4). The confounding included the
effects of attrition. Glumm reported that the data obtained in the study indicated that crews
dressed in MOPP 4 CW-protective combat clothing and performing in temperate climatic
conditions "will have difficulties sustaining effective operations in the M1 tank system
under NBC conditions for extended periods of time" (Glumm, 1988, p. 39). The materiel
and procedural variables had little or no effect on crew performance or on endurence.

Psychological Effects. Munro, Rauch, Banderet, Lussier, Tharion, and
Shukitt (1987) reported the psychological effects of the IRONMAN test. Four
questionnaires were administered: (1) Environmental Symptoms Questionnaire (ESQ);
(2) Clyde Mood Scale (CMS); (3) Crew Atmosphere Scale (CAS); and (4) Cognitive
Strategies Questionnaire (CSQ). They found that the crewmen who withdrew reported
more intense symptoms than those who did not voluntarily withdraw. Munro et al. (1987)
found that symptom intensity as measured by the ESQ increased during the test. When
comparing pre- and post-test symptoms, thermal symptoms showed a 600 percent increase;
respiratory, musculoskeletal, neurological, and gastrointestinal symptoms showed a
300 500 percent increase; and fatigue showed over a 200 percent increase. Mood changes
as measured by the Clyde Mood Scale were more prevalent than symptom changes. There
was a general deterioration of mood which was indicated by two patterns. The intensity of
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sleepiness, dizziness, and unhappiness increased while aggressiveness, friendliness, and
clear thinking decreased.

b. Sustained Operations of Mechanized Infantry

Mitchell, Knox, and Wehrly (1987) and Headley, Brecht-Clark, Feng, and
Whittenberg (1988b), reported the results of field tests of mechanized infantry personnel
wearing CW-protective combat clothing, Thirty-six soldiers served as subjects. The test
was divided into two phases. Phase IA involved four Bradley Infantry Fighting Vehicles
(BIFV) with a vehicle team (commander, gunner, and driver) and a six-member dismount
team, The subjects received 23 hours of MOPP 4 acclimation and training. The test was
conducted wearing MOPP 1 and MOPP 4, and was conducted over a two week period.
The test was designed for 72 hours with each 24-hour period involving a 6-hour combat
scenario (test course of 3.9 miles with 13 fixed stations for combat-related tasks) which
waus repeated three times, At the end of each scenario, decontamination was conducted, a
meal consumed, and MOPP 4 removed for 45 minutes. The fourth 6-hour period was
scheduled for sleep. Two crews completed 59 hours; the uther two crews had mechanical
and administrative problems, There were five casualties, three dismount team members
and two vehicle team members, out of 35 subjects, The casualties occurred between 13
and 48.4 hours elapsed time (average 30.8 hours). Only one casualty was removed due to
a high rectal temperature; he was asymptomatic and later he returned to the study.
Performance data comparing MOPP 1 and MOPP 4 indicated that 80 percent of the
106 tasks were not different. For 18 percent of the tasks, MOPP 4 had a longer time.

For Phase IB, two BIFV and one M113A1 armored personnel carrier were
scheduled to operate 72 hours in a continuous endurance run with the subjects wearing
MOPP 4 without decontamination, meals or sleep. The BIFV crews remained in the test
for 31.4 and 33.3 hours and the M113A1 crew remained in the test for 37.9 hours
(Headley et al., 1988b). During this time there were 11 casualties out of 26 subjects; none
was due to high rectal temperature. Nine of the casualties were members of the dismount
team and two were members of the vehicle team. The casualties occurred between 8 and
31.5 hours (median, 14 hours; average, 18.9 hours).

It is interesting to note that rectal temperature is a poor predictor of the staytime of
mechanized infantry under warm conditions. About 14 percent of combat infantry who
were fully acclimatized in MOPP 4 prior to the start of the study became casualties in a
5-hour work/1-hour rest cycle during a 72-hour test in MOPP 4. In a continuous
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operation, 42 percent became casualties within 32 hours of a 72-hour test. At that time the
combat force was determined to be ineffective due to casualties. The authors fail to discuss
the implications of the number of casualties in Phase 1B during mild to moderate climate
conditions,

¢. Sustained Operations of Armor Crews

Knox, Simmons, Christiansen, and Siering (1987) and Headley, Brecht-Clark,
Feng, and Whittenberg (1988b) reported the results of field trials of armor personnel
wearing CW-protective combat clothing (MOPP 4), The subjects consisted of 27 soldiers
whose MOS was 19E (M60 crewman) or 19K (M1 crewman), The experimental design
was a repeated measures design involving two platoons, each participating on separate days
in a 24-hour, MOPP 0 (BDU) and three 48-hour, MOPP 4 tactical scenarios. The first
condition, Phase 0, consisted of BDU which was followed by three phases of MOPP 4
with two iterations of each phase. The scenario required a platoon of four tanks to defend a
ridge line against an opposing force. Phase I was a baseline condition in which two
platoons wore MOPP 4; Phase Il replicated the materiel and coping strategies described by
Glumm (1988); and during Phase IIl, the subjects wore MOPP 4 combined with
microclimate cooling vests in the M60A3 and overpressure in the M1A1, Four soldiers
were scheduled to man each tank but for some tests only three soldiers were available.
Continuous operations were programmed for 48 hours, Each vehicle became combat
ineffactive when two of the cre w members left,

The subjects were acclimu.ized to MOPP gear for 6 hours. The BDU condition was
conducted for only 11 of the planned 24 hours due to delays in the study. Headley et al.
(1988b) reported that "All crews of both platoons were able to complete these runs, and
they sustained no casualties."

The results of the MOPP 4 trials indicated that none of the crews was able to
complete the 48 hours of continuous operations under the hot environmental conditions.
The tank crews in MOPP 4 lasted from 3.3 10 16.6 hours (Headley et al., 1988b). Of the
73 "tank crewmen starts," i.e., a trial during an MOPP 4 iteration, 32 individuals (44
percent) were casualties and 17 of the 19 "trial starts" ended as combat ineffective tank
trials. Further, results reported in the abstract only, by Knox et al. (1987) indicated that
tank crews were able to continue only for an average of 6 hours without microclimate
cooling vests. One crew performed for 16.41 hours with cooling and one crew without
cooling and wearing MOPP 4 completed 15.01 hours, but the WBGT recording inside the
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tank was a maximum of about 32°C. Seven crew members either passed out or were
casualties due to high cors temperatures. Twenty-six additional crew members elected to
leave; the symptoms included dizziness, headache, nausea, stomach ache, eyes hurt, knee
popped, lightheaded, and sick, Headley et al. (1988b) reported that lack of consistancy
prevented performance data analysis.

Knox et al, (1987) concluded there were no major differences between MOPP 4
and MOPP 4 with "fixes" in terms of physiological performance of subjects. No statistical
analyses were performed due to the small number of crews and the number of conditions
tested.

A study by Tharion, Rauch, Munro, Lussier, Banderet, and Shukitt (1986)
examined the psychological factors which limit the endurance of armor crews operating in
chemical protective combat clothing. Twenty-seven male soldiers assigned to six four-man
crews and one three-man crew served as subjects, The experimental design consisted of
three treatment conditions (MOPP 4, FIX, and SUPER) and a control. Each crew
participated in a standard armor field test under the four conditions, The data from the
SUPER condition was not used during the analysis. The FIX condiidon permitted eating
while in MOPP 4 and the subjects were trained to use coping strategies designed to mitigate
stress. Crew members who voluntarily withdrew or were removed by the medical monitor
were designated as casualties; the remaining crew members were designated as survivors,
A psychological test battery which consisted of the ESQ, CMS, State Anxiety
Questionnaire, and Crew Atmosphere Questionnaire, were administered pre-test and post-
test and at six hour intervals during the field test,

For MOPP 4, casualties exhibited greater depressive tendencies and lower self-
motivation than survivors. On the Clyde Mood Scale, casualties reported more intense
feelings of sleepiness and dizziness when compared to survivors.

d. Sustained Operations of Artillery Crews

As part of the PANBC? program, Headley, Brecht-Clark, and Whittenberg (1988a);
Headley, Brecht-Clark, Feng, and Whittenberg (1988b); Rauch, Bandcret, Tharion,
Munro, Lussier and Shukitt (1986); and Knox, Mitchell, Edwards and Sanders (1989),
reported different aspects of a field test designed to determins the ability of artillery crews
to sustain combat operations in MOPP 4, Four 9-man howitzer crews were scheduled to
fire 250 rounds in 72 fire missions over 24 hours. One crew was dressed in the BDU and
three crews in MOPP 4. Data collected included firing and endurance data; psychological
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test data as well as physiological data were collected. A crew was declared combat
inoperative when the crew dropped below five. All crews were trained on the tasks and the
three MOFP 4 crews had 3 hours of CW-protective combat clothing habituation prior to the
test,

The crew dressed in BDU completed the scenario, but the three MOPP 4 crews
lasted 3.8, 1.9, and 2.1 hours. Two of the MOPP 4 crews were terminated due to five
casualties while the third MOPP 4 crew was terminated after the loss of the Chief of
Section (3rd casualty in this crew) due to vomiting, The termination protocol specified that
the crew would be terminated if the chief of section was lost. All casualties were dressed in
MOPP 4; the earliest casualty occurred after only 82 minutes, The majority of the
symptoms of the casualties were dizziness, nausea, and headache. The average dry bulb
temperature was 90°F, Table [II-12 summarizes the data from the test.

Table 111s12, Artillery Test, BDU/MOPP 4

Crew

i 2 3 4
MOPP 0 4 4 4
Elapsed Time 19hr21 min®| 3hrd5min | 1heB3min 2 hr8 min
No. of Fire Missions 68 15 8 4
No. of Rounds 228 1} k] 23
No. of Casualties 0 ] 5 3
Time toFirst Casualty N/A 180 min 82 min 88 min

& Exercise tomponrlgy halted for administrative reasons, restarted, and 66 of planned 72 fire
missions conducted (Headley et al., 1088).

Knox, Mitchell, Edwards, and Sanders (1989) reported on the physiological data
recorded during these field tests, The highest mean and the highest maximum rectal
temperature recorded for the BDU group was 37.6°C and 38.6°C, respectively, for the
gunner. Only one crew member, the assistant gunner of crew 2 (MOPP 4), was
withdrawn by the medical team due to his core rectal temperature exceeding the criterion of
39.2°C. Forcrew 2 (MOPP 4) seven, for crew 3 (MOPP 4) six, and for crew 4 (MOPP 4)
five of the nine crew members had rectal temperatures which equaled or exceeded the core
temperature of the highest observed for the BDU group. All crew members who
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voluntarily withdrew had mildly elevated temperatures indicating some heat storage. The
heart rate data were unusable due to instrumentation problems. The authors stated that the
physiological measures were not clear predictors of the withdrawal. They hypothesized
that the crew members withdrew because they were unable to cope with thermal discomfort
and related symptoms and still perform the assigned tasks,

Comparisons of first round times and interround intervals for a 2-hour period for
crews 1 (BDU) and 2 (MOPP 4) indicated significant performance deficits for the MOPP 4
crew. In addition, the MOPP 4 crew was unable to sustain consistent performance for the
2-hour period.

The results of the study indicated that the ability to perform howitzer fire
missions in MOPP 4 in a hot environment is quickly degraded due primarily to the
voluntary withdrawal of crew members. It would be interesting to have calculations of
watts produced and dissipated under the experimental conditions. Hinch (1982) used
the computer model developed by Goldman and associates at the U.S, Army Research
Institute for Environmental Medicine to celculate that a heavy workload would produce
400 kilocalories/hour (KCAL/hr). The accumulation of 80 KCAL is considered safe but
heat stress symptoms occur when 120 KCAL of undissipated heat in the body accumulates,
On the other hand, most individuals will be uncomfortable when 80 KCAL accumulates.

Headley et al. (1988a) noted that the performance decrement produced by MOPP 4
"might be decreased somewhat by more training in the ensemble. Training seems to be one
necessary facet of a MOPP 4 regimen, not just for habituation, but for learning 'how to
conduct business' while wearing the full ensemble. Properly trained and accustomed
soldiers would constitute one important fix toward flight while in MOPP 4 versus
'fighting' the MOPP 4, Most tasks can be performed while wearing the ensemble, and it is
during training sessions and not on the battleficld that the soldier should learn how to work
while attired. Soldiers often improvise ways to perform their duties, and thus a learning
effect will exist for many tasks. An additional benefit of training is that one can experience
the discomfort involved in wearing the gear, and can gradually habituate to the suit .. ."
(Headley, Brecht-Clark, and Whittenberg, 1988a, pp. 9-10).

Rauch et al. (1986) reported the results of psychological tests conducted as part of
the field test. Each subject was administered a psychological test battery consisting of the
following three tests: (1) Environmental Symptoms Questionnaire (ESQ) which assessed
psychological perceptions of physiologically based systems during exposure to extreme
environmental conditions; (2) Clyde Mood Scale (CMS) which assessed mood changes;




and (3) State Anxiety Inventory (SAI) which assessed the level of anxiety at a particular
time. The tests were administrated to all sections prior to the start of the field test and at
6-hour intervals during the test.

Rauch et al. (1986) defined medical casualties as subjects who voluntarily withdrew
or who were withdrawn by the medical team. There were no medical casualties in the BDU
group but there were 13 medical casualties for the three sections dressed in MOPP 4, The
remaining 14 subjects ended their participation in the study when their section was
classified as combat ineffective due to removal of other section members as medical
casualties, For the purpose of analysis, the subjects in the three sections dressed in MOPP
4 were assigned to two post hoc groups-~casualties (N = 13) and survivors (N = 14), The
pre-teut and post-test scores on the three psychological tests were analyzed to assess
differences between the two post hoc groups, Significant differences were found between
the casualties and survivors in the intensity of the following nine perceived symptoms
computed from the ESQ test scores: short of breath, hurts to breathe, muscles tight,
headache, faint, warm, body numb, nose stuffed up, and concentration off. Significant
differences were also found for the following four CMS factors: clear thinking, fatigue,
friendliness, and dizziness, The casualties also reported a greater tendency to "tire
quickly," to perceive their "duty position to be less stressful" and to "volunteer for the
study because of the challenge."

Itis interesting to note that the survivors reported no significant change in symptom
intensity as a result of performing the artillery mission in MOPP 4, but the casualties
reported significant changes in symptom intensity,

The study failed to analyze the differences between casualties and survivors for pre-
test scores; the analysis was concerned only with post-test scores. If pre-test differences
are found, one would be able to predict potential casualties and provide them additional
training,

Rauch, Munro, Tharion, and Banderet (1986) combined the data from the Rauch
et al, (1986) study with data from subjects from sustained military field operations by
armor and infantry personnel. A total of 77 cases consisting of 42 individuals in the
casualty group and 35 in the survivor group was used to perform two stepwise
discriminant analytic techniques on post-test data. The purpose of the analysis was to
specify one linear combination of subjective symptoms and one linear combination of
coping strategies that maximized the difference between casualties and survivors, The
results indicated that the symptom-based classification routine correctly identified
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94 percent of the subjects as members of their respective group. The coping-based
classification correctly identified 98 percent of the cases.

3, Heat Stress Fleld Trials

a. XM1 Tank with Auxiliary Cooling

A U.S. Army field trial investigated the effects of auxiliary cooling in preventing
heat stress in an XM 1 tank (Goldman and Staff, 1981; Toner, White, and Goldman 1981),
Two crews of heat-acclimated tank crewmen, dressed in the standard Combat Vehicle
Crewman (CVC) uniform plus configurations of CW-protective combat clothing (MOPP 3
and 4), participated in a 6-day study which evaluated heat stress in the XM-1 tank. The
experimental conditions were as follows:

Day 1 CVCuniform Hatch open ventilated
Day 2 CVCand MOPP 3 Hatch open ventilated
Day 3 CVC and MOPP 4 Hatch open ventilated
Day 4 CVCand MOPP 4 Hatch closed unventilated
Day 5 CVC and MOPP 4 w/auxiliary cooling  Hatch closed unventilated
Day 6 CVC and MOPP 4 Hatch closed unventilated,

Heart rate and skin temperature (ts) and rectal temperature (tre) were measured,
A moderate level of activity was maintained (one 3-5 minute fire mission performed every
30 minutes). The exposure was limited to 3 hr/day. During days 1.3 both crews
completed the scenario. The scenario was not completed on either day 4 or 6; the gunner
terminated the trial after 80 and 124 minutes, respectively, and errors were observed among
the crews within 30 minutes. The crew estimate that their ability to perform ranged
between 20 and 75 percent on these days.

Under MOPP 4 conditions and using water-cooled vests, crews completed the
3- hour scenario. The results clearly indicated that the vest substantially reduced heat stress
due to wearing CW-protective combat clothing,

b. Vehicle (M113)/No Vehicle Pre-Assault

A field trial conducted in a tropical environment (Panama, C.Z.) was concerned
with heat stress and performance (Hanlon, Jones, and Merkey, 1982). The purpose of the
field trial was to determine the effects of vehicle/no vehicle pre-assault, male/female
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differences, and combat clothing (U.S. MOPP 4/U.K. MOPP 4). The investigators were
unable to use time as the dependent variable as planned and the proposed repeated measures
design was discarded, The results of the field trial indicated that personnel enclosed in an
M113 personnel carrier experienced the most severe heat stress. Some evidence was
presented that indicated differences between male and female tolerance to heat stress as
measured by core temperature (females were lower), but the limited number of subjects,
5 males and 5 females, preventea statistical analysis of the data.

¢. Sustained Aviation Operations

Mitchell, Knox, Edwards, Schrimsher, Siering, Stone, and Taylor (1986)
conducted a field study to determine the physiological, psychological, and operational
effects of sustained aviation operations in CW-protective combat clothing. Six male
aviators were evaluated individually during a period of 6 continuous days of testing in a
hot, humid environment. The subjects were in MOPP 4 for about {2 hours and MOPP 1
for about 12 hours for each 24 hour period. Four flight missions of 90 minutes each (one
mission profile) were scheduled to be flown each day for each subject for a total of 36
mission profiles. The flights included low level operations, nap-of-the-earth flight,
confined area operations, instrument approaches and other tactical operations, Additional
flight maneuvers [i.e., heading, altitude, air speed, and time (HAAT) and precision control]
which tested pilot performance were recorded on an inflight recorder. Microclimate cooled
vests (both air and liquid) were worn for 16 of the 36 mission profiles; no vests were wom
for 20 mission profiles. For the latter 20 mission profiles, a total of 12 profiles were
terminated due to medical problems prior to completing the four flight missions. Five of
these occurred on the first day due to nausea and fatigue. During this period, the subjects
also indicated an inability to concentrate, Without cooling vests, 60 percent of the missions
were terminated. The physiological results indicated that a cockpit temperature of 29°C
resulted in the subjects exceeding a rectal temperature of 38°C more than 50 percent of the
time. This rectal temperature has previously been associated with a threshold for decreased
performance (Grether, 1973). These findings are supported by previous studies concerned
with predicted and observed upper boundaries of safe environmental temperatures while
wearing (CW-protective combat clothing and performing low rate metabolic activity (Toner,
White, and Goldman, 1981; Berlin, Stroschein, and Goldman, 1975).

The overall ratings and comments from safety pilots indicated that all subjects could
fly safely in MOPP 4 and generally perform to Army Standards. Low performance ratings
were noted on nap-of-the-earth (NOE) portions of the flights when the subjects were
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navigating. Performance on the HAAT and precision control maneuvers were not affected
by heat stress. One important finding was that only about § liters of water intake per
24 hours was required.

d. Helicopter Control

Hamilton, Folds, and Simmons (1982) conducted a field trial to determine the
ability of U.S. Army helicopter pilots to safely and effectively control the aircraft while
wearing CW-protective combat clothing. In a hot environment, six Army aviators
performed a precision flight profile, a lateral hover and a 50-foot hover, on 3 successive
test days with a day of rest between flight days, while wearing the following clothing:
U.S. Army aircrew chemical defense ensemble (MOPP 4), the United Kingdom aircrew
chemical defense ensemble and the U.S. Army standard flight suit. The six permutations
of the order of the three suits were used, i.e., the order of wearing the three suits differed
for each subject. One subject flew in the morning and a second subject flew in the
afternoon. A mission consisted of 4 hours of flying which were broken into two 2-hour
blocks.

The precision maneuver consisted of heading, altitude, airspeed and time. The
maneuver was repeated in nine successive trials (one iteration), At the beginning of each
trial, the safety pilot read a set of situations to the subject which consisted of the following
four parameters: heading, one-eight-zero; altitude, 900 feet; airspeed, 80 knots; time, 20
seconds. For trials one, two, and three the altitudes and airspeeds were constant and the
heading changed in a multiple 5§ degrees for each trial. For trials four, five, and six, the
airspeed was constant while heading and altitude (a multiple of 20 feet) changed. In trials
seven, eight, and nine, all three parameters changed (airspeed in a multiple of
5 knots). Following the precision profile, the lateral hover and 50-foot hover were
performed after the safety pilot repositioned the aircraft, This cycle was repeated for
1 hour. After 1 hour the aircraft lands, and the subject drinks water in the aircraft. The
procedure is repeated for an additional hour after which the aircraft lands, the subject leaves
the aircraft, and drinks water while the aircraft is refueled (15-20 min), The 2-hour
procedure is repeated to complete the 4-hour flight scenario.

Automated performance data on the precision maneuver parameters were collected
for only four subjects; recorded performance data were not available for two subjects due to
equipment malfunction. Only one of four subjects completed the six possible iterations in
the U.S. ensemble, but three of four completed the iterations in the U.K. ensemble; the six
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iterations were completed by each subject in the standard flight suit. The average median
errors and percent accuracy degradation (Dp) scores for the standard flight suit, the U.S.
ensemble and the UK, enseinble are presented in Table III-13.

A two-factor, repeated measures analysis of variance (ANOVA) was computed: the
median SD heading error was the only significant variable (P = ,01),

Table 1lI-13. Average Medlan Errors and Average Median Standard Deviation
(SD) for Standard Flight Sult, U.8. Ensemble and U.K. Ensemble

ST u.S. DaP UK Da?

X Median Heading Error 1.83° 2.02° | -24% 1.78° -9%
X Median Alrspeed Error 1.88K 210K | -20% 1.86K - 7%
X Median Altitude Erroi® . .

[__Mean Timing Error 0.88 1,08 -16% 1.%8 - 70%
X Median SD Heading Error 147 1.58¢ -7% 1.44° + 2%°
X Madian SD Airspeed Error | 1.27K 186K | -46% 1.68K - 33%
X _Medlan SD Atlitude Errord - - . -

& Not available--equipment failure.
B Caloulated from data of Hamilton et al., 1982,
S Advantage for U.K. ensemble.

Two subjects wearing the U.S, ensemble were terminated due to heat stress but
their performance immediately prior to termination was satisfactory. Hamilton et al.
concluded that there were no practical differences between performance while wearing the
standard flight suit and the U.S. and U.K, ensembles.

Hamilton, Simmons, and Kimball (1982) conducted psychological tests on these
same six Army aviators before and after flights, Tests were also conducted on non-flight
days to provide a no-flight baseline. The tests consisted of the following subtests from the
Performance Assessment Battery (PAB) developed by Walter Reed Army Institute of
Research: Encode/Decode, Target Recognition, Logical Reasoning, Serial Math, and
Reaction Time (four-choice). Mood scale and Feeling/Tone questionnaires were used to
assess mood and feeling.

The raw scores on the subtest were converted into a percent of change from
baseline (pretest) as follows:
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A-B

x 100

where
B is the pre-test score
A is ihe post-test score,

A randomized block ANOVA with replicates was used to analyze the data. None of
the subtests was statistically significant. The self-report of mood also failed to show
significant differences.

Next, the data were organized, irrespective of clothing conditions, based on
physiological responses into three categories, which reflected the degree of heat stress
(l.e., slight, moderate, and severe). Using this procedure there were three cases of severe
heat stress, seven cases of moderate heat stress, and six cases of slight heat stress. No
statistical comparisons were made from these data but the trends indicated that severe heat
stress impairs performance while slight heat stress improves performance.

4. Other Field Trials and Field Training Exercises

a. Alrcraft Ground Crews

Hinch (1982) analyzed field tests concerned with the performance of airbase
personnel in CW-protective combat clothing, According to Hinch previous tests have
shown that airmen in CW-protective combat clothing can accomplish virtually all normal
tasks but the time to accomplish the tasks is longer and in some cases the error rate is
increased. Heat buildup in the body limits the length of work time. These factors combine
to reduce job performance of airbase personnel dressed in CW-protective combat clothing,

Table III-14 summarizes the results of a field test which involved two ground
crews performing quick turns on F-4 aircraft while wearing the following three
combinations of CW-protective combat clothing: Condition A: M17A1 mask, butyl rubber
gloves and booties; Condition B: A plus overgarment and M6A2 hood (MOPP 4),
Condition C: B plus leather gloves. The tests were performed in B first (MOPP 4), then
A and C, respectively.

The impact of different combinations of CW-combat clothing were confounded by
the fact that performance improvements occurred during the test due to increased task
proficiency and to adaptation to CW-protective combat clothing, Since the results are
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presented as "proficiency loss," evidently the task performances were compared to a
baseline condition but these data were not presented. Hinch reports that potential
proficiency improvements are possible by training in CW-protective combat clothing, but
no data were presented to support this statement.

Table ill-14, Proficiency Loss In F-4 Quick Turn Tasks

Proficlency Loss
Task Condition
A 8 C
percent
Safe Gun 28 43 48
Back Aircratt 6 23 17
Stray Voltage Check 27 38 48
Ammuniti~n Loading 24 41 38
External Tank installation 43 51 50
Aim-§ Misslle Load 20 20 32
Alm-8 Misslle Load 44 50 51
Refuel 19 28 20
Complete F-4 Quick Turn 27 42 40

b. Alrcrew Maintenance Tasks

Under simulated chemical warfare conditions, aircraft maintenance technicians will
be required to wear CW-protective combat clothing while preparing aircraft tor the next
mission as well as while repairing aircraft. The general effects of the bulky CW ensemble
are well known; it restricts movement, vision, communications, and endurance, Wearing
the CW ensemble has also been found to increase the time required to perform some tasks.
Technicians will have to work more slowly and carefully to prevent compromising the
ensemble. Air Force planners and field commanders need to know the capabilities and
limitations of maintenance technicians under CW conditions, They must know which
maintenance tasks can be accomplished and the time needed to accomplish them, which
tasks can be deferred, and which tasks are impossible to perform while wearing CW-
protective combat clothing. They also need to know the actions such as training,
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equipment redesign, policy or procedure changes, and workaround procedures required to
reduce the impact of wearing the CW ensemble.

In order to provide these data, the United States Air Force conducted a four-phase
field study to evaluate the impact of CW-protective combat clothing on the performance of
maintenance tasks. The objectives of the four phase field study were:

1. To develop a methodology for determining the capabilities of

maintenance lgersonnel to perform critical tasks in chemical defense
protective clothing;

2. To determine how task times and sortie-generation capabilities are
impacted by wearing the chemical ensemble;

3. To identify any deficiencies in the present equipment, tools, and
procedures;

4. To measure the effects of selected experimental manipulations on the
capabilities of maintenance personnel to perform maintenance in
chemical environment; and

5. To develop techniques to improve the ability of maintenance units to
accomplish their mission in a chemical environment,

«-Shipton, Chenzoff, Joy«:, Deibel, and Weimer, 1988 p. 2

Phase I consisted of developing job performance measurement methodology to
measure maintenance technicians' job performance under CW-conditions. During Phase Il
26 maintenance tasks for the F16 aircraft were selected based on the following criteria;
(1) involved a system component with a high failure rate; (2) completing the task is critical
(required) to completing an aircraft combat sortie; (3) time required to complete the task
was 1 hour or less; (4) the task requires fewer than five people; (5) the task is
representative of tasks for other types of aircraft (Shipton, Bellstein, Chenzoff, Pitzer, and
Joyce, 1988), Most of the maintenance tasks were "remove and replace tasks."

Phase II was conducted at Hahn Air Base, Germany. A total of 40 skilled
technicians participated in the field study, all of whom had experience with the respective
maintenance tasks, Most tasks were performed four times--twice in fatigues and twice in
the chemical defense ensemble. Each task was performed by two technicians; each of
whom performed the task once in fatigues and once in MOPP 4. The first and fourth
iterations were performed in fatigues and the second and third in MOPP 4. Six tasks were
performed by teams of two or more technicians.
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A number of maintenance problems were encountered by the technicians while
wearing MOPP 4. All subjects wore the MCU-2/P mask, a replacement for the M-17
mask, and either 7-mil or 14-mil gloves instead of the standard 22-mil glove. Reports by
the subjects concerning the MCU-2/P masks indicated that it was an improvement over the
M-17 mask. They reported that it wus more comfortable and permitted a wider field of
view, In 17 cases, the plastic outsert, which protects the face plate, fogged up and
restricted the subjects’ vision. A majority of the subjects preferred the new gloves over the
22-mil glove. The new gloves \v/cre reported to provide better tactility and finger dexterity,
but there were some compromises which ranged from small punciares to large cuts or
holes. The CW ensemble jacket was compromised nine times.

The subjects were requested to rank the tasks that would be most severely impacted
by wearing CW-protective combat clothing, There was "nearly complete agreement” about
the seven tesks that would be most severely impacted, but considerably less agreement
among the remaining 19 tasks. The seven tasks for which there was agreement concerning
the impact of CW-protective combat clothing were as follows: (1) drop tank build-up;
(2) engine rollback and replacement; (3) integrated servoactivator; (4) integrated drive
gearbo.; 75) jet fuel starter; (6) ejection seat; and (7) environmental control system turbine,

The average pe cout time degradation due to CW-protective combat clothing was
30.7 perceut. The authors discussed recommendations for modifications to aircraft ¢.n. i
aerospace ground equipment (AGE) design, to tools, and to the way tool requirements are
determined. The authors suggested that if these recommendations are adopted, the impact
on maintenance due to wearing MOPP 4 would be reduced.

Following Phase II, Shipton, Beilstein, Chenzoff, Pitzer, and Joyce (1988)
reported the need for the following two types of training: (1) general maintenance
practices, and (2) how to maintain the integrity of CW-protective combat clothing while
performing maintenance. They reported that poor or inappropriate maintenance practices
exacerbated problems encountered in MCPP 4. They also reported a need for increased
awareness of the role of CW-protective combat clothing in protecting the maintenance
technician from huzardous chemicals. The CW ensemble was compromised during the
performance of 19 of the 26 tasks. Many of these compromises could have been avoided.
The authors recommended the following training:

* Training in handling sharp objects while wearing rubber gloves.

*  Improved unnual training on the wear and care of the CW ensemble.
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+ Increased use of the CW ensemble during real-world situations, such as phase

inspections.
¢  Use of training aircraft in field training detachment (FTD) for praciicing tasks ¢
in the CW ensemble, Periodically, practice different tasks in the CW
; ensemble,
They also recommended that all kinds of aircraft maintenance tasks should be
included in chemical ensemble exercises to evaluate the technicians' ability to function b
under simulated wartime conditions, to determine the limitations that exist and to evaluate
improvements gained from practice.
Phase III had the following goals: Py
1. Revise the methodology developed in Phase I and used in Phase II, as
necessary to overcome the problems encountered.
2. Develop alternate or workaround procedures that will reduce the impact
of the chemical warfare environment on performance. ®
3. Collect data on the performance of the selected tasks at Hahn AB.
4. Examine 10 tasks identified in Phase II as severely impacted, to
identify the reasons for difficulties encountered in performing the tasks.
Test the task evaluation scheme developed in Phase II. ®

Assess the impact of the chemical warfare environment on the
performance of the selectad tasks.

--Shipton, Chenzoff, Joyce, Deibel and Weimer, 1988 p. 3

Phase ITI was conducted at Hahn AB, West Germany during June and July 1987. e
Ten F-16 maintenance tasks, which were determined during Phase II to be severely
impacted by wearing CW-protective combat clothing, were selected for further study.
These tasks represented a broad range of the maintenance tasks performed by F-16
maintenance technicians, Table II-15 lists the 10 tasks, the number of times the tasks were |
performed, and the number of technicians required to perform each task. All tasks were
performed in the full CW ensemble.
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Table lll-15. Phase Il F-16 Maintenance Tasks

No. of Times No. of
Tasks Pertormed | Technicians
1. 370 Gallon Drop Tank Bulld-up 4 2
2. Main Generator/Constant Speed Drive Remove and Replace 5 2
3. Ejection Seat Raise and Tiit, Rotate and Lower 6 2
4, Jet Fuel Starler Remove and Replace 6 2
5. Angle-of-Attack Transmitter Remove and Replace 6 1
6. Nosewheel Steering Feedback Potentiometer Remove 6 1
and Replace
7. Environmental Control System Turbine Remove and Replace 6 1
8. Jettison Remote Interface Unit Remove and Replace 6 1
9. Fire Control Radar Antenna Remove and Replace € 1
10. Hydraulic Pressure Transmitter Remove and Replace 6 1

The following interventions were developed to reduce the impact of wearing CW-
protective combat clothing: training, workarounds, tool modifications, and alternative
policies and procedures.

Nine of the 10 tasks were performed six times each by maintenance technicians
wearing CW-protective combat clothing and the interventions were tested during the fifth
and sixth iterations of the task (Task 2, Main Generator/Constant Speed Drive Remove and
Replace was performed only five times; the first iteration was not completed), Due to the
length of time to perform Task 1, the 370-Gallon Drop Tank Build-Up task, it was
performed only four times with the interventions performed on the third and fourth
iterations.

The subjects were 14 Air Force F-16 maintenance technicians with Air Force
specialty codes appropriate to the tasks that they performed. Eleven of the subjects were 5-
level technicians (less experienced but fully qualified) and three subjects were 7-level
technicians (more expericnced). The technician's experience ranged from 3 months to
5 years 2 months on the F-16 aircraft (average 26 months). The average time the subjects
had spent in the CW jacket, pants, and boots was 518 hours, but an average of only
174 hours and 172 hours had been spent in the CW gloves and CW mask respectively,

The temperature ranges during Phase III were between 53° and 84° F (12° and
29° C). The task and timing of task performance were temporurily stopped if early signs of
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heat stress were detected. The technicians were permitted to remove the mask and hood
and to have a brief rest period.

During the last two trials for each task, the following four interventions were
introduced: (1) training; (2) workaround procedures; (3) modification to aircraft, aesrospace
ground equipment (AGE), and tools; and (4) changes to the Job Guides. These
interventions were introduced to mitigate the performance degradation caused by wearing
CW-protective combat clothing and to reduce compromises to the CW ensemble, The
training interventions consisted of providing the subjects with training handouts concerning
how to work safely in the CW ensemble. Task-specific training handouts were also given
to some subjects, The non-training interventions listed above were described in detail for
each task,

The times to perform each task for each iteration were recorded by two observers,
The observers also recorded observations concerning dropped items and difficulties in
performing the task. Following the completion of each task the observers checked the CW
ensemble for integrity and the subjects wers interviewed concerning task performance and
the need for potential changes.

The observers also interviewed subject matter experts (SMEs). Prior to the test the
SMEs had indicated that they believed many maintenance tasks were impossible to perform
while wearing the CW ensemble. They also indicated that the time to perform the tasks
would be prohibitive, The average time estimates by SMEs prior to the test exceeded by
390 percent the average time observed during Phase II when tasks were performed wearing
the CW ensemble.

The time to perform each task for the first iteration was compared with the time to
perform the last iteration. All tasks were performed faster during the final iteration. The
improvement in performance time ranged from 30 percent to 63 percent with an average
improvement of 52 percent. (For task 10, we chose to use the fourth iteration data since
the fifth and sixth iterations were conducted under more difficult conditions than the first
iteration.) These data are for a single techu:ician for six tasks and a team of two technicians
for four tasks.

There are several difficulties in interpreting these data. The data present clear
evidence that task performance improves with repeated task performance while wearing the
CW ensemble (training effect), but the training effect is confounded with interventions.
Since no stable baseline was established for these subjects' task performance in fatigues
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prior to testing in the CW ensemble, the effect of learning to perform the task, particularly
with two-person teams, is confounded with the training effect of performing the task in the
CW ensemble with the interventions, and with learning to work as a team for the two-
person tasks,

In an attempt to parse these effects, Phase II average times and Phase II first times
wearing fatigues were compared with Phase III first times and Phase III best times wearing
the chemical ensemble. These comparisons are presented in Table III-16.

By examining Table III-16 one can see that the task times for three of the conditions
are generally about the same, It should be noted, however, that for seven of the tasks the
best CW times are equal to or less than the average fatigue times, The technicians wearing
the CW ensemble had performed the task from four to six times while the fatigue times
represent an average of two times performed by different technicians or different teams of
technicians, Nine of the CW best times were less than the first fatigue times.

Table 11118, Comparison of Phase Ili CW Timea and Phase Il Fatigue Times
(Data from Shipton, Chenzotf, Joyce, Deibel, and Welmer, 1988)

Phase Il Phase |l
Phase Il Phase | Average 18t Time
Phase Il Tasks CWist Time | CWBest Times | Fatigue Time Fatigue Time
(min) {min) {min) (min)

1. 370 Gallan Drop Tank Bulld-up 614 208 279 244
2. Main Generator/Constant Speed

Drive Remaove and Replace 175 69 107 82
3. Ejection Seat Raise and Tik,

Rotate and Lower 85 53 44 58
4, Jet Fuel Starter Remove and

Replace 63 23 47 73
§. Angle-of-Attack Transmitter

Remove and Replace 197 4 86 127
6. Nosewhes! Stesring Feedback

Potentiometer Remove and

Replace 34 18 26 2y
7. Environmental Control System

Turbine Remove and Replace 7" 50 53 83
8. Jettison Remote Interface Unit

Remove and Replace 97 52 51 CTC
9. Fire Control Radar Antenna

Remove and Replace 115 €6 108 84
10. Hydraulic Pressure Transmitter

Remove and Replace 31 12 12 16




These data reinforce the previous conclusions concerning performance decrements
produced by the CW ensemble and concerning the benefits of practicing the task when
wearing the CW ensemble. Since no data were collected concerning performing the task
more than once in fatigues, one can not determine the percent performance decrement
produced by the CW ensemble nor the extent to which task practice in the CW ensemble
reduces the performance decrement,

The interventions reduced the number of compromises of the CW ensemble per task
performance by 48 percent,

The results of the study indicated that the CW gloves are easily compromised when
performing maintenance tasks. Thirteen of 14 technicians compromised the gloves during
the test. The authors recommend that CW gloves for maintenance technicians be made of
more durable material, The authors also recommended modification to the CW mask, suit,
and overboot,

For each task, a number of problems were noted, e.g., tool mounting hardware,
electrical connector, component positioning, space around the component, and technical
manual job guide; the authors suggested solutions for each deficiency.

Of the three interventions, training appeared to have the greatest impact on
increasing performance. The study concluded that Air Force maintenance technicians are
not adequately trained in the proper way to don and doff the CW ensemble nor in the
proper way to recognize hazards to the ensemble and how to avoid them.

¢. Medical Unit Training Exercises

Carter and Cammermeyer (1985a) distributed questionnaires to 105 members of the
352nd Evacuation Hospital (rescue unit) following a unit training exercise performed while
wearing MOPP 4, They found that 48 percent of the respondents had not worn MOPP 4
previously and another 23 percent had only worn MOPP 4 once. The time in MOPP for the
exercise varied from 1 to 2 hours. Sixty-nine percent reported developing biopsychological
symptoms while wearing MOPP 4, The most frequently reported symptoms were rapid
breathing (N = 33, 48 percent); shortness of breath (N = 33, 48 percent); and loss of side
vision (N = 33, 48 percent). Twenty respondents reported anxiety, 20 reported
claustrophobia, and 20 reported visual disturbance (29 percent); 25 reported sweating
(36 percent). The authors emphasized the need to provide appropriate training in the use of
MOPP 4 equipment.
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Carter and Cammermeyer (1985b) report case studies from five heat stress
casualties which occurred during a mandatory annual 3-day simulated chemical warfare
field training exercise (FTX) involving 195 members of the 352nd Evacuation Hospital.
The most frequent biopsychological symptoms were excessive heat, rapid breathing, and
shortness of breath. During the FTX they found that unit personnel expecting or receiving
chemical casualties appeared to be under the most stress. They also found that unit
personnel were less organized under the conditions of a simulated chemical attack, when
compared to "conventional" warfare conditions,

Carter and Cammermeyer (1989) reported biopsychological symptoms of 182
military personnel participating in a simulated chemical defense warfare scenario, Wounded
Warrior II, a major medical field training exercise conducted in 1985 at Camp Roberts, Cal,
The simulated CW exercise lasted about 1 hour. Nineteen subjects (11 percent) failed to
complete the 1-hour exercise, Thirteen of the 19 casualties (68 percent) reported shortness
of breath, 13 reported rapid breathing (68 percent), 11 (58 percent) reported feeling hot and
nine (47 percent) reported visual problems, For the entire sample, 58 percent reported
feeling hot, 68 percent reported shortness of breath, 68 percent reported rapid breathing
and 56 percent reported visual problems, Eighty-five percent of the total sample reported
some biopsychological symptoms during the exercise. The subjects were unacclimatized
reserve personnel with minimal prior training in MOPP 4, The casualties reported that
managing the CW-protective combat clothing was the most difficult part of the exercise.
The authors recommend that reserves be trained in CW-protective combat clothing for
longer periods of time.

d. Shipboard CW Training Exercise

Garrison, Knudsen and Waskom (1982) reported a shiplioard chemical warfare
training exercise that could be used to evaluate readiness and level of training of ships
involved in refresher training, Two ships, a tank landing ship (LST) and a frigate, were
involved in the exercise which consisted of an attack with a chemical warfare simulant from
a threat aircraft, Measurements were made of vapor and surface contamination and a
personnel degradation study was conducted.

Following air attack on the LST, questionnaires were distributed to members of the
survey and decontamination teams; 11 questionnaires were returned. The results indicated:
(1) an adequate number of masks, suits and gloves, but not boots; (2) 8 of 10 surveyed
were familiar with the chemical agent detector kit; (3) § of 11 were familiar with the
symptoms produced by chemical agents; (4) visual problems were reported by 7 of the
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11 team members; (5) S reported masks fogging problems and communication problems;
(6) 2 reported breathing problems; (7) 4 of 7 reported that the suit caused problems in task
performance; and (8) 6 of 7 reported they were extremely hot in CW suits,

Performance degradation in the Combat Information Center (CIC) was investigated.
The task investigated was the interaction between a radarman and a chartman, The
radarman observed the radar and called out positions while the chartman charted the
positions to determine the location of the ship. Ten geographic positions were charted with
both masked and unmasked personnel, For unmasked personnel, the average time required
to chart a position was 2.6 minutes compared to 3.6 minutes with masked personnel; we
calculated percent time degradation (D) = =38 percent. For unmasked personnel an
average of 0.4 positions had to be repeated compared to an average of 3.5 repeated
positions for masked personnel; we calculated percent accuracy degradation (DA) to be
~775 percent (almost an & fold increase in repeated messages). Performance degradation in
the CIC was also investigated following an alerted attack on the LST, The average time to
chart a position was 2.5 and 3,1 minutes for unmasked and masked personnel, respectively
(D1 = =24 percent); the average repeated number was 0.5 and 3.4 for unmasked and
masked personne! (D = -580%). The findings essentially replicated the findings of the
carlier attack,

e. Amphibious Shipboard CW Exercise

Carson, Moskal and White (1989) reported a two phase approach to determine the
degradation of tasks performed shipboard during amphibious operations which resulted
from wearing CW-protective combat clothing, The first phase involved identifying mission
critical tasks, the perforance of which was expected to be degraded during CW conditions.
The second phase involved collecting data during a Navy amphibious exercise, Kernel
Blitz, which was conducted off the coast of Camp Pendleton, Cal,, August 1986.

Phase I involved the use of subject matter experts to: (1) identify a CW-threat
scenario; (2) determine critical combat missions; (3) compile a list of tasks; (4) determine
critical tasks; and (5) select 5 tasks for detailed analysis. The following tasks were
selected:

1. Use of fog agents, extinguishing agents or water

2. Engage/disengage water

3. Maintain/replace equipment




4. Fuel/defuel aircraft
5. Splice line

During Phase II, observations of task performance in CW-protective combat
clothing were conducted and the subjects were interviewed., The five tasks selected in
Phase I were not scheduled to be performed during the exercise so SMEs selected the
following watch stations:

Bow Thruster

Bow Thrust Operator

Line Handler, Bow Ramp
Petty Officer in Charge, Stern Anchor
Block Line Handler

Line Petty Officer, Boat Deck
Line Handler, Boat Deck
Flight Deck Officer

Flight Deck Crewman

Landing Signalman, Enlisted
Two Line Handlers, Well Deck

The tasks were performed on a Tank Landing Ship (LST) and on an Amphibious
Transport Dock Ship (LPD). Each subject was observed by a Navy SME and by an
experimenter who later interviewed the subjects. Thirteen Navy enlisted men served as
subjects; each subject performed all tasks associated with his watch station, For 9 of the 13
subjects, task performance was observed on at leust one BDU trial and one MOPP 4 trial;
generally the BDU condition preceded the MOPP 4 condition. For four subjects, no trials
were conducted in BDU, but one or two trials were conducted in MOPP 4. After each trial
a questionnaire was administered using an interview format,

Most of the observations made by SMEs und researchers during MOPP 4 trials
related to problems with communications or problems caused by CW-protective
combat clothing. Communications were described as distorted (10 observations),
unsuccessful (4 observations), repeated (3 observations), and hand signals had to be used
(2 observations). In comparison to the 19 negative comments concerning communications
in MOPP 4, only 4 negative observations were made concerning communications
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during BDU trials. The CW ensemble negative observations involved the masks
(12 observations), the two-piece overgarment (11 observations), the helmet
(10 observations), gloves (8 observations) and boots (4 observations). Two line handlers
began to pass out due to heat while one phone talker experienced drowsiness.

Task performance times in BDU and MOPP 4 were collected by the experimenters
but variability prevented analysis of the data, There was no attempt to reach a stable
performance level in BDU before the tasks were performed in MOPP 4. In some cases the
data indicated the effects of learning to perform the tasks.

The questionnaire data indicated that the subjects experienced difficulty with
communications while performing the tasks. No communication problems were reported
by 12 of 12 responding after BDU trials, Communciation problems were reported by 12 of
12 responding after the first trial in MOPP 4. Visibility problems were reported after
performing tasks in MOPP 4 (13 out 15 responding) but not in BDU ( 9 of 9 responding).
Of 11 subjects responding, all except 1 indicated that training to perform the task in MOPP
4 would improve task performance.

While it is clear that problems were experienced in performing the various tasks in
MOPP 4, Carson et al, (1989) reported that all amphibious operations observed were
completed successfully during the exercise. Although there were significant problems with
communications, they reported that these seemed to be amenable to training solutions. One
option suggested was to use hand signals instead of verbal communications. The
observers and the subjects recommended that increased training on mission-relevant tasks
in MOPP 4 was needed.

f. Unopposed Armor Field Test

The U.S. Army Combat Developments Experimentation Command (1981a)
conducted an unopposed field test to evaluate current tank warfare doctrine, procedures,
and modeling under various CW-protective combat clothing postures. A hatch-open/
no-protective-clothing posture was used as the baseline condition to compare performance
degradation (time) under various MOPP levels. Seventeen tank crews served as subjects
and the test was conducted over a period of 15 days. The following six levels of CW-
protective combat clothing were used:

+  Baseline (hatch open, BDU)
+ MOPP1
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« MOPP3

+ MOPP4

+  Buttoned (hatch closed, BDU)

+  MOPP 4/Buttoned (hatch closed, MOPP 4),

Each of the 17 crews was tested over § different terrain "loops," each of which
consisted of two similar phases. For each loop, approximately half of the crews completed
both phases in the baseline posture and the remaining half completed one phase in baseline
and one phase in one of five MOPP conditions, Prior to data collection, each crew wore
MOPP 4 for at least 2 hours,

Analysis of the data derived from the field test consisted only of means and
standard deviations. Without further analysis, no conclusions can be drawn from the
study.

The U.S. Army Combat Developments Experimentation Command (1981t)
conducted a field test designed to enhance current doctrine, procedures, and equipment
required for reconnaissance through chemically contaminated areas, The reconnaissance
team consisted of three persons; an infantry team of three persons also moved through the
contaminated area. There was no analysis of the data presented in the report.

5. Development Tests

a. DT II of XM30 Protective Mask

Barnes, Hanlon, Harrah, and Merkey (1983) reported the results of the
Development Test (DT 1I) of the XM30 Protective Mask. When compared with the
M17A1, there was no difference in the mean performance time of 12 soldiers on the
Mobility/Portability and Obstacle Course portion of the test. Drinking time for 250 ml of
water was significuntly less for the XM30 (mean of 61.7 seconds) compared to the M17A1
(mean of 79.7 seconds) but the authors concluded that the difference may not have tactical
significance. Of 23 soldiers who slept while wearing the masks for one night, 7 were
detected without their masks. Interviews the following day indicated that the subjects did
not remember taking off the masks. In a CW-battlefield condition, these 7 soldiers would
have been casualties (30 percent).




For rifle firing, performance for the no-mask condition was compared to the
M17A1 and XM30. For 11 unskilled marksmen subjects, the results indicated no
significant differences among the conditions,

b. XM40 Protective Masks and Rifle Firing

Merkey and Harrah (1986) investigated the effect of three XM40 prototype CW-
protective masks on rifle firing performance. The prototype masks were compared to the
standard M17A1 CW-protective mask and the no-mask condition, Ten subjects received
training in firing at 10 silhouette targets from a foxhole position to an accuracy criterion of
14 hits out of 20 targets. The no-mask condition was used during training, During testing,
the order of presentation of conditions was counter balanced and each subject (final N = 7)
fired under 10 conditions. At the completion of the test each subject filled out a
questionnaire,

An ANOVA was performed upon hit percentage and reaction time data and a
Tukey's Multiple Comparison Analysis and contrasts were performed to determine which
mask condition contributed to the significant effscts. Significant main effects for masks
and targets were found for hit percentage and reaction time. Contrasts indicated the
significance was due to better performance of the no-mask conditions compared to the
combined mask conditions. In addition, performance for the XM40-1 prototype condition
was significantly better than the M17 conditions. The target main effect was due to better
performance on targets at 75 meters compared to 100 meters and better performance on the
center target compared to those left and right of center, There was also a significant mask X
target interaction. We calculated the accuracy decrement (D4) for the no-mask conditions
and the three prototype mask conditions. The results indicated from —22 to =25 percent
accuracy decrement for the three prototype masks. The DA for the M17A1 condition was
~27 percent. Questionnaire data indicated a slight preference for the XM40-1 prototype
since the M16 did not have to be canted as much with this prototype as with the other
masks. As a result of the analysis, the XM40-1 was ranked best of the three prototypes
and firing accuracy performance was not significantly different than the no-mask condition.
The XM40-1 was significantly better than the M17A1 for both hit and reaction time data.

The questionnaire data indicated that all subjects had to tilt their heads to obtain a
sight picture. The tilt angle was less severe for the XM40-1 than the other three masks.
No differences were found in terms of ranking the masks.
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¢. Cockpit Compatibility of the XM-43 Protective Masks

Foster, Adams, Williamson, and Nowicki (1986) summarized a field test of the
cockpit compatibility of the XM-43 Protective Mask with the OH-58 and the UH-60
helicopters. The test evaluated crew performance during operational missions flown in a
simulated operational environment. Five pilots were used for each helicopter to evaluate
the following areas: aircraft control, communications, field binocular compatibility, night
vision goggles, extended wear with the SPH-4 helmet, and Aviation Life Support
Equipment, The results indicated no performance degradation for any subsystein that
would cause the mission to be aborted. For the extended wear test (12-hour duty day),
effective flight was defined as adequate aircraft control, not undeteriorated personnel skill.

6. Database and Model Development

a. Performance DBase System

Wick (1988) described procedures that permit performance decrements resulting
from wearing CW-protective combat to be determined. A performance DBase system was
developed, which provides a method to extract from a database the correction factors (the
additional time required to perform a task in MOPP 4 compared to BDU) and probable
range of these factors for a number of tasks and subtasks. Results from the field trials
described earlier in the areas of maintenance, night reconnaissance, HAWK niissile
operations, armor operations, and radio teletypewriter operations were included in the
database, Ten Human Ability Codes have been developed and correction factors can be
extracted from the DBase system for cach of the codes. Determining correction factors by
scenario is obtained by a combination of task and human ability codes. Wick noted that
"Attempts to extrapolate the performance data to unit operations, and in particular to large
unit operations are not well-founded at this time, because of the many additional variables
and complete absence of reliable data" (Wick, 1988, p. 3). He recommended that the
default correction factor of 1.5, the average correction factor for all tasks currently in the
DBase, be used for force structure questions,

Wick (1988) noted that frequently analysts are asked to calculate the number of
additional battalions needed for operations conducted in 8 CW-environment. Current data
in the performance DBase system are not adequate to provide this information. Field data
need to be collected for unit operations operating under a stundard scenario, which includes
operations in a CW environment as one of the variables. He described a Force-on-Force
algorithm which uses the Performance DBase System to estimate the effect of wearing CW-
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protective combat clothing on battalion-size units. The algorithm provided a priority index
for battalion-size units on the battlefield according to the unit's immediate contribution to
the battle,

In a later report, Davis, Wick, Salvi, and Krah (1990) described the database which
had been expanded to include performance decrement factors obtained from field studies
for 756 military tasks. The performance decrement factor is the time required to perform a
task in MOPP 4 compared to BDU, These decrements are determined by regression
analysis as described previously,

Table I1I-17 provides a matrix of the 756 tasks distributed among 10 human ability
codes and three ranges of Performance Decrement Factor ranges, Sixty-nine percent of the
tasks fall into the Performance Decrement Factor range of 1,16 to 1.85, compared to 1.0
for performance in BDU, Davis et al. (1990) reported that the average Performance
Decrement Factor for the 756 tasks was 1.5, The authors classified the three ranges as
follows: 0-1.15 (average 1.0), not degraded; 1.15-1.885, (average 1.5), slightly degraded;
and 1.85 or greater, moderately degraded. It should be noted that the range boundaries and
the classification descriptions are arbitrary, Further, the Performance Decrement Factors
for the 756 tasks are based on regression analysis of data from trials in which tasks were
performed in BDU and MOPP 4 repeatedly. The regression analysis assumed that all
learning due to repeated trials took place on the first trial. Evidence from an analysis of
some of these data by Montgomery (1987) indicated that this was not a valid assumption.
Thus the Performance Decrement Factors are all in error by an unknown quantity related to
learning that takes place on all trials following the first trial, ®




Table Bi-17. Matrix of Paercentage of Tasks for Ten Human Ability Codes and
Three Ranges of Degradation (Adapted from Davis, Wick, Salvi, and Kash, 1980)

Performance Decrement Factor (PDFP Range
PDF PDF PDF
Human Ability Codes Number 0-1.15 1.15-1.85 | 1.85- Greater
(Skills) of Tasks Borcent

Communication 188 2 96
MNumerical Data 12 50 50
Decision Making 9 11 67 22
Precision Control 210 52 29 18
Movement and Coordination 148 10 80 19
Altention and Quickness 27 4 80 0
Visual Pattern 87 3 91 6
Manual Control 7 30 56 14
Strength and Stamina 3 0 100 0
Vision 1 0 100 0
Total % of Tasks/Range Category 21 69 10
Total Number of Tasks 756 158 522 7€

8 performance Decrement Factor is the decrement in tirne when performing the task in MOPP 4 comparad
to BDU. Regression analysis was used to calculate the Performance Decrement Factor,

b. Human Utilization Model and Analytic Network (HUMAN)

Gawron, Lloyd, and Travole (1986) describe two models, the Human Performance
Data Base and the Human Utilization Model and Analytic Network (HUMAN), that may be
used to predict human performance in the CW-threat environment. The HUMAN model
combines multiple data sets ar.d provides a single prediction of human performance on
complex tasks., Three categories of input data called vectors wi'l define the CW-threat
environment. Environmental, operator, and task variables are assigned to the three vectors.
After the vector inputs arc complete, in order to use HUMAN, the user has input skill(s)
(from a menu of 10 skills) needed to petform the task. The model outpuis are time to
complete the task, the probability of completion, and percent errors,

Mills, Meyer, and Dunlosky (1983) reported the development of a chemical defense
benchmark for human performance essessment. The objective of the benchmark was to
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quantify the effects of chemical defense stressors on human performance and mission
effectiveness and to determine the utility of chemical defense equipment. The following
four methods of quantifying the effects of CW stressors are discussed: (1) chemical
protection tests; (2) part task simulations (anthropometric/ergonomic tests); (3) full ;cale
man-in-the-loop simulation; and (4) computer modeling. They recommend that the first
three methods be used to establish a human performance assessment data base which will
be used to develop and validate task, mission, and force effectiveness computer models.
These models will subsequently be used as predictive tools to evaluate the need to conduct
simulations on new CW equipment and to project expected test results,

C. LABORATORY STUDIES

In a review of research on the effects of heat on human performance, Kobrick and
Fine (1983) concluded that the three major deficiencies of the studies were: (1) the use of
artificial tasks to assess performance decrements; (2) inadequate training on the tasks; and
(3) insufficient exposure to heat stress. They argue that assessment of human performance
decrements due to wearing CW-protecdve combat clothing should be conducted with well-
trained subjects using a realistic military scenario for a sustained period of at least 6 hours
(Fine and Kobrick, 1987).

1. Fire Direction Center Tasks (Males)

Fine and Kobrick (1987) conducted a study to assess the effects of wearing CW-
protective combat clothing on sustained performance of individual soldiers who performed
aspects of tasks performed by fire direction center (FDC) forward observers and
communication personnel. Twenty-three male soldiers were trained for 2 weeks on the
tasks followed by 4 days of data collection for 7 hours/day. Four performance measures
were used:

+  Computation of "site," which is a correction for an artillery round

*  Receiving and decoding grid coordinates on a map

*  Receiving and decoding messages

*  Plotting targets on maps and determining range and deflection.

The first three tasks were paced by the rate and frequency of radio message
transmissions under the control of the experimenter. The target plotting task was under
subject control. The following four experimental conditions were used on four separate
days:
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+ BDU-Control 1 - 21.7° C, 35 percent relative humidity (rh) with the subjects
dressed in BDU.

+  MOPP-Control - 12.8° C, 35 percent th, MOPP 4 worn over BDU,
+  BDU-Control 2 - Repeat of condition 1.
*+  MOPP-Heat Stress - 32.8° C, 61 percent rh, MOPP 4 worn over BDU,

It had been determined in a previous study that conditions 1, 2, and 3 were
equivalent from the standpoint of heat load. Data from 20 of the 23 subjects were
analyzed. For the MOPP-Heat Stress condition, two subjects were removed from the test
due to medical reasons prior to test completion, but their data were included in the analysis
for the first three tasks; their scores were the maximum possible omission errors for these
tasks.

The results indicated that there were no significant differences on any of the three
experimenter-controlled tasks between the MOPP-Heat Stress and the two BDU-Control
conditions after the first and third hours. The mean error, however, after 7 hours for
MOPP-Heat Stress was significantly different (17-23 percent decrement) from the other
three conditions on the three experimenter-controlled tasks (i.e., computation of site,
receiving and decoding grid coordinates on a map, and receiving and decoding messages).
The number of targets plotted for the sixth hour was also significantly less (40 percent) for
the MOPP-Heat Stress condition than any of the three control conditions, but accuracy of
plotting was not significantly affected. Almost all of the decrements were due to increased
errors of omission,

2. Fire Direction Center Tasks (Females)

Fine (1987) conducted an exact replication of the Fine and Kobrick (1987) study
with the exccption that 18 women served as subjects. Data analysis was performed on 17
subjects.

During the MOPP-Heat stress condition, 10 subjects terminated the study for
medical reasons. Two terminated during the third hour, three during the fourth hour, and
five during the fifth hour. None of the subjects was terminated due to hyperthermia; only
one subject's rectal temperature reached 102,.2° F. There was no significant difference
between the average rectal temperature of the seven subjects who completed the study
(100.4° F) and those who terminated (100.8° F). The 10 subjects who terminated,
however, reached the core temperature of 100.8° F considerably faster than those who
completed the study, which indicates that the casualties were storing heat more rapidly than
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those who completed the study. All casualties passed out, indicated that they were about to
pass out, or were judged by the medical officer to be incapable of continuing the study.
The seven subjects who completed the study showed no significant deleterious effects of
heat stress on the performance of any task.

Due to the large number of subjects who terminated the study during the MOPP-
Heat Stress condition, the decrements for the fifth and seventh hours were significantly
different from all other conditions on all tasks. There was significant decrement for all
hours for the MOPP-Control compared to the two BDU-Control conditions for codebook
performance and for number of targets plotted; performance on the codewheel task was
significantly different for hours 1 and 3.

When comparing this study with Fine and Kobrick (1987) the effect of the MOPP-
Heat Stress condition was dramatically different. The 18 of the 20 male subjects
performing the same tasks under identical experimental conditions completed the 7-hour
exposure to the MOPP-Heat Stress condition, but only 7 of 17 women completed the
7-hour exposure,

The MOPP-Contro! Condition (12.8°C; 35 percent rh, MOPP 4 worn over BDU)
for the Fine and Kobrick (1987) and the Fine (1987) studies used a metabolic rate for active
rather than inactive soldiers to calculate thermal comfort equivalent between MOPP and
BDU controls. Fine (1990) reported that this was in error and resulted in an
inappropriately low ambient temperature for the MOPP-control conditions. Revised
calculations used 16.3°C for males and 19.2°C for females vice 12.8°C. According to Fine,
the subjects in both studies, "appear to have been exposed to mild-to-moderate cold stress"
(Fine, 1990, p. 5). This is offered as a "reasonable explanation" of performance
decrements during the "MOPP-Control" condition particularly for the females since they
were exposed to colder temperatures than males.

3. Speech Intelligibility

Johnson and Sleeper (1985) used the Modified Rhyme Test to assess the impact of
thermal stress and chemical protective combat clothing on speech intelligibility. Twenty-
two male soldiers served as subjects. Six practice sessions were conducted to familiarize
the subjects with the 300-word test set. The Modified Rhyme Test consisted of
administering a subset of 50 words at 5-sec intervals, The dependent measure was the
percent of words correctly identified.
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An audiometric test with and without the M17A1 mask indicated significantly
increased thresholds for the mask condition for the following frequencies: 500 Hz, 4000
Hz, and 6000 Hz.

The subjects were administered the Modified Rhyme Test three times during a 7-
hour test day (at hours 2, 4, and 6) on four consecntive experimental days. The ambient
temperature and clothing conditions as well as the subjects were the same as those in Fine
and Kobrick (1985):

¢ BDU-Control 1 - 21.7° C, 35 percent rh

+  MOPP 4-Control - 12.8° C, 35 percent rh

» BDU-Control 2 - 21,7° C, 35 percent th

¢ MOPP 4-Heat Stress - 32.8° C, 61 percent rh,

A two-by-three (conditions by hours) analysis of variance indicated significant main
effects for conditions and hours, In addition, there were significant interactions, Twenty
multiple comparisons indicated the conditions main effect was due to heat stress (about a 14
percent decrement); the hour main effect was due to decrements during hour 6, The MOPP
4-Heat Stress for hour 6 was significantly different from all other comparisons,

4. Effects of CW Masks on SPH-4 Aviator Helmet

Mozo and Peters (1984) investigated the effects of chemical protective masks on the
hearing, protective, and communication aspects of the SPH-4 aviator helmet. Three CW
masks (M-24, XM-33 and the UK AR-5) and two oxygen masks (P/Q and MBU-13) were
evaluated to determine their effects on speaker intelligibility, listener intelligibility, and
attenuation. Ten subjects were presented phonetically balanced words to determine
intelligibility. The test condition simulated a UH-60A noise environment. The results
indicated that the XM-33 is very deficient in terms of speech intelligibility, The M-24,
AR-S, and P/Q improved the intelligibility of the SPH-4 helmet. All CW masks degrade
speech intelligibility when used by a listener wearing SPH-4, The M-24 and XM-33
masks, with and without the protective hood, degrade the attenuation characteristics of the
SPH-4 helmet,
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5. Effects of XM-40 Masks on Attenuation and Speech Intelligibility of
SPH-4 Helmet '

In an additional test, also using 10 subjects and similar methodology, Nelson and
Mozo (1985) investigated the effects of the XM-40 CW mask on attenuation and speech
intelligibility of the SPH-4 aviator helmet. There was little difference in the attenuation of
the SPH-4 with and without the mask at all frequencies except 2000 Hz, 6300 Hz, and
8000 Hz, significant differences in attenuation were found for these frequencies. Nelson
and Mozo (1985) indicated that the results indicate that high frequency attenuation is
compromised significantly when the XM-40 mask is used with the SPH-4 helmet. They
found that the XM-40 CW mask significantly reduces speech intelligibility for a listener.
Tests using three XM-40 CW masks, which differed with respect to the configuration of
the microphone within the mask, indicated that each significantly reduced speech
intelligibility of the SPH-4,

6. Visual Perception

Kobrick and Sleeper (1986) investigated the effect of wearing CW-protective
combat clothing on visual perception. Sixteen male subjects were exposed to two
environmental conditions, i.e., 91°F/61 percent rh and 55°F/35 percent rh while wearing
MOPP 4, A control wearing the BDU and exposed to 70°F/35 percent th was also used.
Visual stimuli were presented along three axes from central visual to the peripheral limit of
the visual field (90°). Following 2 weeks of training, the subjects were exposed to three
experimental conditions over 4 days. The first day was 55°F/35 percent rh (MOPP 4); the
second day was control (70°F/35 percent th) in BDU; the third day was 91°F/61 percent th
(MOPP 4 plus heat stress) and the fourth day was a repeat of control (day 2), The results
indicated that mean response times increased for all three experimental conditions as the
stimulus presentation was systematically moved from central to peripheral vision. The
means for MOPP 4 and MOPP 4 plus heat stress were greater for all stimulus locations
when compared to the means for the two control conditions, but no statistical test was
conducted. T! : overall group means for the two experimental conditions were greater than
the two control conditions but no statistical test was conducted. The overall mean and the
individual stimulus location meuns for the second control day were less than the first
control day, indicating & performance improvement. These differences were not tested
statistically. The results indicated a serious limitation to vision by MOPP 4,




7. Manual Dexterity

Johnson and Sleeper (1986) reported the results of the use of two standard
psychomotor tests, the O'Connor Fine Finger Dexterity Test and the Purdue Pegboard
Assembly Test, to determine the effects of chemical protective clothing (butyl rubber gloves
and gas mask and hood) on manual dexterity. Twenty-two male soldiers served as
subjects. The tests were conducted over a period of 5 days under the following four
conditions:

(1) control - bare-handed and hare-headed

(2) bare-handed and wearing gas mask with hood
(3) bare-headed and wearing gloves

(4) wearing gas mask with hood and gloves.

A three-way analysis of variance was used to analyze the performance results (time
to complete) on each test. For each analysis, gloves produced a significant decrement in
manual dexterity but wearing the mask with hood had no effect on dexterity. There was
also a significant "days" main effect and a significant days X glove interaction. Twenty
multiple comparison tests indicated that the subjects reached performance asymptote on the
O'Connor test at day 4 when wearing gloves and day 3 when bare-handed, and on the
Purdue Pegboard Test at day 3 when gloved and test day 1 when bare-handed. The
authors concluded that it takes longer to become proficient at manual dexterity tasks when
wearing gloves than when bare-handed. On the fifth day dexterity while wearing gloves
was significantly different from the bare-handed conditions. At asymptote for both
conditions, it took subjects three times as long to perform the Purdue Pegboard Test when
wearing gloves compared to the bare-handed condition.

Johnson and Sleeper (1986) recommended that soldiers be given intensive training
in job-speciiic tasks while wearing CW-protective combat clothing, especially if the task
requires an appreciable amount of manual dexterity, We calculated from their data that
practice over § days results in an improvement of approximately 33 percent on both the
O'Connor Finger Dexterity Test and the Purdue Pegboard Test when gloved.

8. Tactility of CW Gloves When Performing Medical Tasks

King and Frelin (1984) compared the ability of medical specialists to perform nine
basic medical tasks while wearing the BDU or MOPP 4 with the standard butyl rubber
glove and MOPP 4 with a prototype glove designed to increase tactility sensitivity. In each
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clothing condition, nine subjects performed the nine basic medical tasks, which were
selected to emphasize dexterity and coordination for 6 consecutive days. The nine medical
tasks were to: (1) administer emergency care to a CW casualty, (2) immobilize a fracture,
(3) apply a splint to a lower extremity, (4) initiate a field medical card, (5) apply a dressing,
(6) apply a tourniquet, (7) administer morphine by syrette, (8) administer first aid for a
sucking chest wound, and (9) initiate an intravenous infusion. Time to accomplish the
tasks and errors were recorded. On day 1, testing occurred first in fatigues. The order of
each day's activitics was determined randomly, subject to the constraint that each of the six
test sequences occur once.

For day 1, the mean time to complete each of the nine tasks was longer for the
fatigue condition (first test condition) than for MOPP with the prototype glove or for
MOPP 4. For the first day the time to complete each of the day's tasks was longer in
MOPP 4 than MOPP with the prototype glove.

Generally the mean performance time decreased during the 6-day test for all three
conditions. The largest improvement for each of the nine tasks was between day 1 and 2
for the fatigue condition. Also for all tasks, performance in MOPP 4 improved over the
6 days. On the last day (day 6) all tasks were performed significantly more slowly in
MOPP 4 than in fatigues. For day 6, performance was also slower for MOPP 4 compared
to MOPP with the prototype glove for seven of the nine tasks; performance for MOPP with
the prototype glove was slower for seven of nine tasks as compared to performance with
fatigues. Errors were not significantly different across the three clothing conditions.

When checked for flaws after day 3, 10 of 18 of the prototype gloves had flaws and
after day 6, 15 of 18 gloves had flaws; none of the standard butyl rubber gloves developed
flaws,

It is important to note that all subjects were able to accomplish all tasks on all days
while dressed in MOPP 4 and the MOPP 4 with the prototype glove conditions.
Performing these tasks took longer due to the use of CW-protective gloves. The authors
emphasize that practice in CW-protective combat clothing is important since performance
using MOPP 4 improved for all tasks. Practice did not, however, eliminate the performance
decrement. For day 6, the percent decrement (D) for MOPP 4/Fatigues for the nine
tasks ranged between ~27 and ~94 percent and the mean percent decrement (D) was
-53 percent, The authors concluded that basic medical tasks can be accomplished in
MOPP 4 if troops are trained to perform in the protective ensemble.
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9. Psychological Effects

Hamilton and Zapata (1983) investigated the psychological effects of wearing CW-
protective combat clothing. Twenty-four subjects, 12 males and 12 females, were used for
the test; 12 subjects wore flight suits and 12 wore CW ensembles. All subjects were
administered, before and after wearing the CW ensemble for 6 hours, a mood scale and the
following four cognitive subtests of the Walter Reed Performance Assessment Battery
(PAB): Serial Math, Target Detection, Logical Reasoning, and Reaction Time,

Percent of change scores as described by Hamilton, Simmons, and Kimball (1982)
were used as the dependent measure. Some subjects had large percent of change scores,
which was assumed to be a learning effect. Percent of change scores above SO percent
were eliminated from the analysis, For each subtest the measures were the number
attempted, number correct, reaction time correct, and reaction time error. Two-factor
ANOVAs (ensemble and sex) were computed for Serial Math, Target Detection, Logical
Reasoning, and Reaction Time. The ANOVA for Serial Math resulted in a significant
difference for reaction time correct; the female CW ensemble was significantly less than the
other three conditions. The ANOVA for Target Detection resulted in significant differences
for sex and a sex by ensemble interaction. For the Logical Reasoning ANOVA, the only
significant measure was reaction time correct for ensemble (CW ensemble deficit for both
male and female). No significant differences were found for Reaction Time for any of the
four conditions.

There was a lack of statistical reliability of the variables tested, There were few
measures of performance across either sex or ensemble that were significantly different,
and there were large standard deviations for all subtests. The ambient Wet Bulb Globe
Temperature (WBGT) for males and females differed. Only females experienced
temperatures in excess of 24°C. There was significant evidence that the subjects were
bored by the experimental conditions, (l.e., the 6-hour period during which the subjects
wore the CW ensemble or flight suit) since there was no organized activity during this time.
Due to the lack of statistical reliability, it was impossible to draw conclusions from the test.

10. Cognitive Problem Solving

Rauch, Witt, Banderet, Tauson, and Golden (1986) conducted a study to determine
the effects of wearing chemical combat protective clothing on cognitive problem solving
over a 24-hour period of continuous operations. Nine subjects were given three paper and
pencil tests of cognitive performance at seven scheduled times throughout each 24-hour
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period of testing. The three tests were: (1) Math Computation, i.e., the addition of three
2-digit numbers arranged vertically; (2) Pattern Recognition, i.e., recognition of the correct
list among eight alternatives; and (3) Number Comparison, i.e., comparing two
horizontally arranged 3- to 9-digit numbers, Six subjects were randomly assigned to each
of three crews, Each crew performed artillery Fire Support Team (FIST) operations for
three 24-hour periods under the following three clothing conditions: (1) BDU, (2) MOPP
2, and (3) MOPP 4 (order was randomized).

The experimental design was a 3-x-7 repeated measures analysis of variance on two
dependent variables, i.e., percent of problems completed and percent of problems wrong.
Significant main effects of MOPP and of time of day were found for all three cognitive tests
for percent completed. A Scheffe test indicated that MOPP 4 performance was significantly
degraded for each of the three cognitive tests when performance in BDU was contrasted
with MOPP 4. From the raw data presented in Table 1 of the Rauch et al. (1986) report, we
calculated the following time degradation (D) comparing MOPP 4 to BDU:

¢ Percent Computation Attempted/Min, ~13 percent
*  Percent Pattern Recognition Attempted/Min, =15 percent
o Percent Number Comparison Attempted/Min, -17 percent

The contrast between BDU and MOPP 2 was not significant.

We also computed the following percent accuracy degradation (DA) comparing
MOPP 4 to BDU:

*  Percent Computation Error/Min, —14 peicent
*  Percent Pattern Recognition Error/Min, ~22 percent

¢ Percent Number Comparison Error/Min, —59 percent.

Thus we found both accuracy and time degradation when MOPP 4 was compared
with BDU,

In a later study, Rauch and Tharion (1987) reported the effects of wearing the
chemical protective mask and gloves on cognitive problem solving, The study investigated
the effect of the following four conditions: (1) wearing CW-protective gloves; (2) wearing
the CW-protective mask; (3) wearing both the mask and gloves; and (4) wearing no gloves
and no mask. Eight female and seven male volunteers served as subjects. The cognitive
test consisted of a paper and pencil test of math computation (adding three 2-digit numbers
arranged vertically). The experimental design consisted of a two-factor between-subjects
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(SEX) and a four factor within-subjects (conditions) repeated measures analysis of variance
(order of conditions was randomized for each subject). Alternate test forms were used for
each condition and each subject was given 12 practice problems prior to each test which
was 2 minutes in duration., The dependent measures were the number of problems
completed in 2 minutes and the number of problems wrong.

A significant main effect was found for the number of problems completed. No
other significant differences were found. A leust-significant difference test was pciformed
which indicated a significant contrast between wearing both the CW-glove and mask and
the no glove/no mask conditions (D1 ==10%) and between wearing the CW-glove and the
no glove/no mask conditions (D1 =~8%). The authors concluded that differences were
due to limitations on manual dexterity and on sensory-perceptual capabilities.

11. Training Procedure For Donning Masks

Driskell, Carson, and Moskal (1986) examined the effectiveness of the chemical
simulation training procedure for Navy recruits, As a part of the training, the recruits don
gas masks, enter a chamber contaminated with CS, a riot control gas, and remove the mask
before leaving the chamber. The subjects were 362 male and female recruits, A 20-item
questionnaire designed to determine the following five factors was administered:

(1) Perceived skill or ability to perform task
(2) Anticipate mastery in a specific situation
(3) Willingness to perform in the environment
(4) Confidence in equipment

(5) Subject matter knowledge as a result of classroom training,

The trainees were divided into three groups (three conditions):

(1) Questionnaire prior to any chsmical warfare training

(2) Questionnaire after classroom training but prior to chamber training

(3) Questionnaire at the completion of training.

To determine the differences between the three conditions, t-tests were run and
resulted in the following findings:

»  Trainee knowledge scores increased as a result of classroom instruction and
remained stable following the chamber exercise (p <.001),
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¢  There was a significant decline in performance expectations as a result of the
chamber exercise (p < .001). The subjects who formed high performance
expectations reported significantly less stress during the chamber exercise than
those of low expectations. Inability to wear glasses (for those who normally
wear them) and a poor mask seal both produced poor performance expectations
and induced greater stress.

12, Performance Effects of Drug Antidote and Heat Stress

Kobrick, Johnson, and McMenemy (1988; 1990a; 1990b) investigated the effects
of nerve agent antidote and heat stress on performance while wearing chemical combat
protective clothing. Two studies, one in BDU and one in MOPP 4, were conducted.
For the BDU study, 15 male soldiers served as subjects and for the MOPP 4 study, eight
male soldiers served as subjects. Each group was trained for 6 hours/day for 5 days on
the following tasks: visual accuity, phoria, stereopsis, contrast sensitivity, speech
intelligibility, arm-hand steadiness, muscle tremor, gross dexterity, one-hand and two-hand
fine dexterity, body mobility, simple and choice visual reaction time, simulated rifle
marksmanship, verbal reasoning, digit-symbol substitution, eye-hand coordination, and
tapping. Following training, each group of subjects were tested on the above tasks in
three, 2-hour tests (total of a 6-hour period) for 4 test days. For BDU, the following
conditions were used: (1) control (saline; 70°F, 30%rh); (2) drug (2 mg atropine, 600 mg
2-PAM; 70°F, 30%rh); (3) ambient heat stress (saline; 95°F, 60%rh); (4) drug and ambient
heat stress (2 mg atropine, 600 mg 2-PAM; 95°F, 60%rh). For MOPP 4, the conditions
remained the same (trained and tested in MOPP 4) except for the control and drug the
condition was 55°F, 30%rh to offset the heat load due to wearing MOPP 4. In addition to
the above tests, the Environmental Symptoms Questionnaire (ESQ) and the Profile of
Mood States (POMS) were administered at the end of each test day and the Brief Subjective
Rating Scale (BSRS) was given at the end of each 2-hour test period. Separate three-way
analyses of variance with repeated measures were conducted for BDU and for MOPP 4 for
each performance task.

For the BDU subjects significant drug main effects were found for a number of the
performance and visual variables but only the significant heat stress main effects will be
discussed. The significant main effects for heat stress were altered steadiness and rifle
marksmanship. ANOVAS for the POMS and BSRS showed that the subjects were
significantly hotter and more uncomfortuble and tense at 95°F, 30%rh. For the ESQ under




the heat stress condition, the subjects were "warm, sweating," and for the drug and heat
stress condition," headache and light headedness" were reported.

For the MOPP 4 subjects, the heat stress was so severe that only one of eight
subjects completed the second 2-hour testing cycle, and no subjects started cycle 3. For the
heat stress and for the heat stress and drug conditions, four subjects were removed by the
medical monitor and four withdrew, A t-test of the mean exposure time was conducted.
The findings indicated a significant difference between the mean exposure times of heat
stress (183,63 min) and the heat stress and drugs (149.25 min). Thus a single dose of
atropine and 2-PAM effectively reduced the endurance time of soldiers in MOPP 4,

The worst scores possible for the test condition were assigned where subjects
withdrew or were removed by the medical monitor and three-way analysis of variance
(drug X temperature x cycle) with repeated measures was computed. Significant effects
were found for all performance tasks for the heat stress condition, For POMS, significant
main effects for heat stress were found for tension, depression, fatigue, and confusion.
For BSRS, significant heat stress main effects were found for tiredness, discomfort, and
warmth, For the ESQ, the authors also reported the MOPP 4 resulted in "far more
numerous symptoms being reported than for the same testing conditions under BDU."
These included bodily discomfort symptoms and mood effects.

While wearing MOPP 4 under the heat stress condition resulted in a disruption of
performance, it should be emphasized that subjects were able to remain operational under
the control condition (55° F, 30 percent rh) while wearing MOPP 4, The authors also note
that there was no evidence of claustraphobia and/or anxiety reaction due to encapsulation.

13. Rifle Marksmanship

Johnson, McMenemy, and Dauphinee (1990) and Johnson (1991) evaluated the
effects of rifle marksmanship under the following three combat clothing conditions: BDU,
the fighting load (BDU plus helmet, web gear and full canteen), and MOPP 4. An M-16
simulator, the Weaponeer Marksmanship Trainer, was used to collect performance data.
The subjects were 30 male soldier volunteers; 10 subjects, matched on marksmanship
ability, were assigned to each group. Following 4 days of practice on the simulator, the
subjects' marksmanship on pop-up targets was assessed in rifle supported and unsupported
conditions. A 3 x 2 (clothing X rifle support) ANOVA was used to evaluate the pop-up
target data (total number of targets hit) and a Kruskal-Wallis one-way (clothing) analysis of
variance by ranks was used to analyze the number of attempts before a tight shot group was
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obtained. The results indicated a significant main effect for clothing and for rifle support,
Newman-Keuls tests indicated that rifle marksmanship was significantly poorer under
MOPP 4 (mean of 22.1 hits) when compared to the BDU (27.4 hits) or the fighting load
(26.0 hits). Dp scores comparing MOPP 4 and BDU and MOPP 4 and fighting load
clothing conditions were —=19.3 percent and ~14.9 percent, respectively,

14. Pilot Performance

Thornton and Caldwell (1991) conducted a study in the UH-60 simulator to
determine the effect of CW-protective combat clothing on pilot performance. Sixteen male
Army aviators who were qualified in the UH-60 helicopter served as subjects. Two pilots
(one left seat and one right seat) were involved in each flight, Pilot performance for two
clothing conditions, flight suit and MOPP 4 (Aircrew Uniform Integrated Battlefield) and
M43 mask, was investigated. The simulated tactical flight profile consisted of a 1-hour
tactical low level navigation exercise followed by an hour of upper air maneuvers. The
automatic flight control system was disabled during the latter half of the upper air phase to
increase the workload. In order to obtain performance data for the two pilots, each
controlled the helicopter simulator at predetermined intervals during the flight.

The flight profile was divided into nine separate maneuver types and sach maneuver
was scored for several different parameters which varied with the maneuver. There were
69 separate flight maneuvers per test day with up to 5 parameters each, RMS error was
computed from data recorded on a 16-channel flight data recorder,

A week of training on the flight profile wus conducted and was followed by a test
week, The environmental conditions consisted of mild and hot conditions measured as dry
bulb temperatures as follows: T} (mild) = 21.6°C, rh 50% and T2 (hot) = 35.9°C, rh 50%.
The experimental design during the testing week was as follows:

Monday baseline, flight suit, Ty
Tuesday flight suit, T
Wednesday MOPP 4, T)
Thursday MOPP 4, T,

Friday flight suit, T}

An analysis of variance was performed on the RMS error values and Duncan's multiple
range test was used for posteriori comparisons.
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Pilot performance showed a marked improvement between the first and second
training sessions but was stable following the second session. For the test week,
comparisons were made across the four conditions: (1) baseline; (2) flight suit, hot;
(3) MOPP 4, mild; (4) MOPP 4, hot. There were 19 maneuver parameter comparisons for
which the MOPP 4 hot performance value (RMS error) was significantly greater than at
least one of the other groups. For MOPP 4, mild and flight suit hot, four comparisons
were greater and for baseline, two comparisons were greater, The authors interpret the lack
of consistency across the data to indicate that the degree of performance decrement was
minor. When the automatic flight control system was disabled, the RMS error was greater
for most maneuver parameters when compared to the maneuver parameters with the
system's normal operation,

15. Pursuit Tracking

Barba, Stamper, Penetar, and Molchany (1987) investigated the effects of wearing
the M17A2 protective mask on pursuit tracking performance. They found that wearing the
protective mask significantly reduced the ability to detect, acquire, and track moving
targets. Tracking data were collected under two ambient light conditions; the dim condition
approximated dawn/dusk. All subjects were trained for 2 days without the protective
mask, For 3 test days 20 trials a day, divided equally between the two light conditions,
were conducted for a control group (no mask) and an experimental group (protective
mask). A between-subjects design was used and vertical and horizontal data were used to
compute the following scores: Percent Time-on-Target Root Mean Square Error (RMS)
and Maximum Absolute Error, Percent time-on-target decreased significantly when the
protective mask was worn under both the bright light (8 percent) and the dim light
(21 percent) conditions.

From the raw data presented by Barba et al. (1987), we calculated percent accuracy
decrement (Da) for RMS and found the vertical and horizontal components to be
-39 percent and -29 percent, respectively, for the dim light condition, The DA for the
maximum absolute error for the vertical and horizontal components for the dim light
condition was —68 percent and ~35 percent, respectively, The authors concluded that
soldiers using direct-view optics such as TOW and GLLD could experience severe
difficulties when wearing the protestive mask due to the decreased field of view and
inability to visually scan the scene (horizontal component). They also concluded that
“training with the M17A2 protective mask would provide tracking strategies. . . . [W]ithout
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this training the success of the mission could be compromised" (Barba, et al., 1987,
pp. 15-16).

16. Tactical Computer Terminal Operations

Lussier and Fallesen (1987) evaluated the capability of a Tactical Computer
Terminal (TCT) operator to accomplish 11 tasks while wearing MOPP 4, Performance of
the tasks (time and errors) was measured while the subjects were dressed in BDU and in
MOPP 4, Half of the 12 subjects performed the task first in BDU and half in MOPP 4; for
the second trial the clothing conditions were reversed, None of the subjects had prior
training in operating the TCT while wearing MOPP 4, but all had attended a 2-week new
equipment training course 7 months prior to the test. The results indicated that the subjects
were able to perform the 11 tasks under the two clothing conditions, The overall
degradation for the MOPP 4 condition for the 11 tasks was -8 percent (+12 percent to
~36 percent),

17. Scanning Time with XM40 Mask

Harrah (1984a) conducted a study to determine the performance decrement due to
wearing CW-protective combat masks., The time required to scan an area using the M17
mask and three versions of the XM40 mask was compared to scanning without a mask.
The field of view with M19 binoculars in the no-mask condition was 6.6° compared to
2.8° to 3.1° field of view wearing masks. Mean scan time for the no-mask condition was
8.6 sec compared to between 44.6 and 48.4 sec for the mask conditions. All masks that
were tested significantly degraded visual scan time. There were no significant differences
among masks for scan time,

In a later report, Harrah (1985) found that, cornpared to a no-mask condition (mean
scan in sec = 26.34), the time required to scan a target was significantly degraded for the
M17A1 protective mask (43.94 sec.) and for three versions of the XM40 prototype
protective masks (range 44.57 to 50.23 sec.). No difference in time to scan a target was
found between the standard and the prototype masks. The percent time performance
degradation (D7) (calculated from Harrah, 1985 data) ranged between =67 percent for the
M17A1 and -91 percent for one of the XM40 prototype masks.
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18. Missile Maintenance Performance

Waugh and Kilduff (1984) conducted a laboratory study to determine if the
performance of missile maintenance personnel wearing CW-protective combat clothing
would experience degradation in the performance of representative maintenance tasks.
Eleven enlisted males and one female served as subjects (two of these were alternates).
Two tasks were chosen, an easy task and a difficult task. The easy task was performance
of the TOW self-test routine. The difficult task was to remove and replace a motor-driven
rotating mirror assembly deep in the tracker portion of the Dragon night sight. The
following experimental conditions were used: (1) BDU; (2) BDU with protective mask and
hood; (3) BDU with protective gloves with cotton liners; (4) MOPP 4. The two repair
tasks were performed by each subject under each experimental condition. The experiment
was replicated two times. The order of experimental conditions was randomized. A two-
way ANOVA (conditions X subjects) design was used to test for differences among the
experiinental conditions with the three replications combined. A two-way ANOVA
(conditions X replications) design was used to test for differences for each replication,
Separate analyses were performed on the easy and the difficult tasks, Time to complete the
tasks was the dependent variable. One subject withdrew from the test late in the trials, The
data set was based on nine subjects.

The results indicated no differences in the mean times among conditions for the
easy task, but there was a decrease in mean times by replications, For the difficult task, the
mean time was lowest for BDU and highest for MOPP 4 for all replications. Improvement
in mean times was found for each replication for each condition with the exception of BDU
replications 2 and 3.

A two-way ANOVA (conditions X replications) for the easy task was significant
for replication but not condition. The ANOVA for the difficult task indicated a significant
difference for conditions and for replications,

Duncan Multiple Range tests indicated that the first replication for the easy task was
significantly different from replications 2 and 3. For the difficult task, these tests indicated
a significant contrast between the first replication and replications 2 and 3; a significant
contrast between BDU and MOPP 4; and with condition 2 BDU and mask/hood and
condition (BDU and glove) no mask/hood and gloves; and for MOPP 4 and mask/hood and
gloves.




For the difficult task, learning was found for BDU and MOPP 4. Performance was
degraded an average of 18 percent for mask/hood and for gloves when compared to BDU.

19. Effects of CW Gloves on Digital Terminal Performance

Peterson (1986) reported on a test of the TA-954, a non-secure digital terminal used
in TRI-TAC communication systems, to determine if a soldier's ability to use the terminal
is degraded when wearing MOPP gloves/cold weather gloves. Three types of CW-
protective gloves and the arctic mitten were worn by 31 soldiers. The CW-protective gloves
were 7-mil (0.007 inch), 14-mil, and the standard 22-mil butyl rubber. The subjects were
told that accuracy was more important than speed. The results in terms of character
accuracy rate and message error rate indicated no significant difference in character
accuracy rate or the message error rate between the no-glove baseline condition and any of
the CW-protective gloves. There were, however, significant differences between the
baseline and CW-protective gloves when worn with cold weather gloves.

20. Survey of CW Common Defense Skills

Moskal, Driskell, and Carson (1987) conducted a study to assess the common
skills required for chemical, biological, and radiological warfure defense, A 37-item
knowledge questionnaire was administered to 333 naval personnel on 16 ships. Almost
S0 percent of those surveyed had not been involved in any shipboard chemical defense
exercise; two-thirds of the remainder reported that they had participated in one to three
exercises. Two-thirds reported that they had worn CW-protective combat clothing (on
any occasion) for a8 maximum of zero to 60 min. Forty percent reported that the last
chemical defense training occurred in recruit training, generally 1 year prior to taking the
questionnaire,

The mean score for correct answers was 12.6 (34 percent) and the range of correct
responses was from 9 to 60 percent. Only 7.5 percent of the personnel tested were able to
answer the 11 items on the questionnaire considered critical to survival in the event of
chemical attack. One hundred eighty-two of the subjects (54,7 percent) failed to answer
even one of the 11 critical items corractly.

The large sample of subjects was found to have had very little prior practice
performing the common chemical defense skills, The number of shipboard exercises
completed, the length of time that CW-protective combat clothing had been worn and the
recency of chemical defense training were all positively related to high scores on the
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questionnaire. Knowledge of donning and doffing procedures for CW-protective combut
® clothing was the poorest of all 11 categories. The authors concluded that further training in
the common skills area was crucial.




IV, DISCUSSION

It is well known that wearing CW-protective combat clothing may protect the
wearer but it also results in impairment of human performance. Many studies including
combined arms exercises, field trials, and laboratory studies reviewed in this paper and in
previous papers (Taylor and Orlansky, 1986, 1987) have documented the degradation of
both individual and unit performance. Banderet (1991a) hus suggested that the various
performances should be differentiated rather than using "performance” as a generic
construct, Most of the studies reviewed, however, failed to differentiate performance.

Heat stress, due to wearing CW-protective combat clothing, seriously degrades
performance (under some conditions within an hour); this finding is supported by many
studies reviewed in this paper and in previous papers by Taylor and Orlansky (1986,
1987). Heat stress sffects have been accurately modetled using laboratory data collected on
males.

Two laboratory studies, which used identical exper...aental procedures to assess the
effects of wearing CW-protective combat clothing on performance of fire direction center
tasks, found that performance under the "heat stress” condition produced performance
decrements. In one study, 18 of 20 male svbjects completed the 7-hour test but showed
performance decrements. In a second study involving females, 7 of 17 female subjects
completed the 7-hour test while 10 of 17 females terminated the study for medical reasons;
none of the terminations was due to normal indications of heat stress. It is important to
note, however, that casualtics appeared to be suffering classic symptoms of heat stress,
e.g., syncope (Cadarette, 1991), All casualties passed out, indicated that they were about
to pass out, or were judged to be incapable of continuing by medical personnel. The seven
survivors showed no significant performance deterioration, These results suggest that
females perform better than males up to the point of being unable to continue the test, but
fewer were able to complete the test as compared to males,

The above laboratory studies, which compuared male/female performance
differences on fire direction center tasks, suggest differences in physiological tolerance to
heat stress, with female tolerance being lower. We constructed Table IV-1, a two-by-two
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contingency table, to test the hypothesis of no differences between males and females in
completing the test.

Table IV-1, Contingency Table of Males and
Femnles Who Completed Test

-

Completed Test Males Female.: Total
Yes 18 7 25
No 2 10 12
Total 20 17 37

The exact X2 probability for the arrangement in contingency table was computed
assuming fixed marginal frequencies and using the formula (Walker and Lev, 1953):
(a+b)!(c+d)!(a+c)!(b+d)!
Nlalblcld!
The exact X2 probability was P = < .002 thus indicating a significant difference
between males and fernales in completing the test,

Nunneley (1978) has reviewed the physiological responses of women to heat
stress, The review indicated that females (drawn from the general population) are less heat
tolerant than their male counterparts. Differences in body size, with a lower body weight
and surface area but a higher surface-area-to-mass ratio for women was discussed.
Cadarette (1991) pointed out that the generally smaller stature of females compared to males
would result in the weight of the CW-protective combat clothing imposing a more severe
strain on females as compared to males. He also indicated that females would have a
smaller plasma volume and consequently could be expected to have a greater incidence of
syncope when wearing MOPP 4 as a result of "blood pooling in the periphery from
vasodilation in an attempt to increase heat loss from the core" (Cadarette, 1991). Nunneley
(1978) also reported that end points of heat stress, such as maximum core temperature and
heart rate, are the same for males and females. She found that the following factors
contributed to the limited heat stress tolerance in women: (1) small size; (2) high fat
content; (3) low work capacity; and (4) lack of acclimatization, She reported that all factors
show large individual varlation and that male-female differences in response to heat stress
are not found when women are physically trained and/or heat acclimatized.

Data from Shapiro, Pandoff, Avellini, Pimental, and Goldman (1981) suggested
that men and women have qualitatively similar heat balance and heat transfer characteristics.
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They reported that the femalc's higher surface-area-to-mass ratio is an advantage for hot-
wet environments, but in hot-dry environments women have an increased skin temperature.,

In 1981, Rakaczky noted that no field tests had been reported in which females
were involved. This report reviews one field test conducted in a tropical environment
whose purpose was to evaluate male/female differences. Some evidence was presented that
indicated differences between male and female tolerance to heat stress as measured by core
temperature (females were lower) but the limited number of subjects in each group (an N of
5) prevented statistical analysis. The experimental data comparing male and female
differences in performance to heat stress while wearing CW-protective combat clothing is
extremely limited. In view of the increased numbers of females involved in combat support
roles and the potential of females being involved in combat situations in which a substantial
CW threat exists, this area warrants increased research emphasis,

Many of the studies conducted under the P2 NBC?2 program indicated inability of
volunteer subjects to complete a variety of sustained combat missions in moderate or hot
environments, In most cases the subjects elected to leave the study prior to being medically
removed due to elevated core temperature or high heart rate. Studies indicated that the
combat unit was judged to be "combat ineffective" due to the loss of personnel prior to
completing the continuous operation scenario. In some cases the continuous operation
scenario could not be completed in BDU, In all cases in which BDU and MOPP 4 were
compared, the MOPP 4 condition produced more "casualties" and caused the combat unit to
become combat ineffective in a shorter time when compared to BDU.

These studies investigated continuous operations in MOPP 4 in the following areas:
armor, mechanized infantry, artillery, and aviation. Ellis et al. (1986) reported that tank
crews in a tank turret trainer had difficulty completing a 24 hour period of continuous
operations in MOPP 4 even with a work/rest cycle of 2 hours of work in MOPP 4 and
1 hour of rest in BDU. When an ammunition loading exercise was added to the scenario
and the rest cycle eliminated, no crew lasted longer than 9 hours of a 24-hour extended
operations period. Ellis et al. (1986) found that no armor crew completed continuous
combat operations in a stationary tank (M60A3 or M1) for more than 11 hours of a 24-hour
scenario. The average crew member's endurance was 8.73 (M60A3) and 5.25 hours
(M1), respectively. In a subsequent 24-hour test involving a realistic tactical scenario
against an opposing force, Ellis et al. (1986) found that the average crew endurance time
for the M60A3 was 7.83 hours. "The average crew endurance time for the M1 was 7.81
hours, while the average crew endurance tims for the M1A1 with microclimate cooling was
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16.94 hours.," Clearly the microclimate cooling system of the M1A1 extended the
endurance time of the crews. The authors reported that the "volunteer agreement gave the
test directorate very little leverage in persuading test subjects to push themselves to their
limit" (Ellis et al,, 1986, p. 1-8). Glumm (1988) also found that the range of endurance for
tank crews wearing MOPP 4 (36 crew members) was between 9.8 and 23.5 hours out of &
72-hour simulated tactical scenario for the M1 tank. The mean staytime was 13.6 hours.
For four crews in BDU (16 crew members) the range of endurance times was 16.5-
32.3 hours. The mean staytime was 22.4 hours. The staytime for individual crew
members for both MOPP 4 and BDU was between 3 and 32 hours. The mean withdrawal
time was 14.5 hours. None of 12 tank crews involved in the field trial completed the
72-hour field trial. The staytime ranged between 3 and 32 hours and the mean crew
staytime was 14.5 hours, A rectal temperature of 39.2°C (102.5°F), which equates to a
25 percent risk of heat exhaustion if corrective measures are not taken, has been used in
most laboratory and field trials as the temperature at which to medically remove a subject
from the study. Indeed, Redmond, Leu, Papp, Hall, Galinsky, and Gutierrez (1991)
reported that "subjective symptoms of siress often occur well before objective signs of
injury. These symptoms are quite enough to limit the subject's capacity to continue and
may impede his/her ability to perform tasks safely," Core temperature measurements
indicated that heat stress was not a factor. Knox et al. (1987) conducted a field trial in
which 12 armor crews (with four crewmen each) in BDU, MOPP 4, and MOPP 4 with
microclimate cooling and coping strategies and materiel fixes to CW-protective combat
equipment defended aridge line against an opposing force during 48 hours of continuous
operations. None of the crews completed the 48 hours of operations. One crew wearing
MOPP 4 with microclimate cooling and using coping strategies and materiel fixes
completed 16.41 hours and one crew wearing BDU completed 15.01 hours withiout
microclimate cooling. The average staytime for crews without microclimate cooling was
about 6 hours, Performance measures were not reported.

Headley et al. (1988) and Rauch, Banderet, Tharion, Munro, Lussier and Shukitt
(1986) found that none of the three, 9-man howitzer crews wearing MOPP 4 was able to
complete a 72-hour fire mission (250 rounds). The first casualty occurred after 1.3 hours
and the three crews were combat ineffective after 3.8, 1.9, and 2.1 hours, respectively, A
crew dressed in BDU completed the 72-hour scenario.

Mitchell, Knox, and Wehrly (1987) reported that non: of the mechanized infantry
crews wearing MOPP 4 while operating BIFV and Mi13A1 vehicles in a 72-combat
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scenario (3.9-mile track with combat related tasks) was able to complete the test, which
was terminated after 32 hours. The average staytime of crew members was 18.9 hours.
There were 11 casualties out of 26 test subjects.

Mitchell et al. (1986) reported that 6 aviators operating for 6 consecutive days
(MOPP 4 for 12 hours and MOPP 1 for 12 hours) terminated 12 of 20 missions when
flying without microclimate cooling. Hamilton et al. (1982) reported that only 1 of 4
subjects dressed in MOPP 4 was able to complete six missions (2/day for 3 days with a day
of rest between the flight days); two subjects in MOPP 4 were removed due to elevated
core temperature,

The data related to staytime in tests of combat arms raise serious questions
concerning sustained combat unit performance while wearing CW-protective combat
clothing even when heat exhaustion is not a factor, It is difficult to determine precise
physiological end points from the above data, but what has been determined is that crews
dressed in MOPP 4 in temperate climate conditions will have difficulty sustaining effective
combat operations under CW conditions for extended periods of time.

Wearing CW-protective combat clothing results in a significant and important
increase in serious dehydration. Previous reviews have reported that, during hot
conditions, dehydration will occur within 1 hour or less when the individual is engaged in
physical activity, so enforced drinking is mandatory for health maintenance (Taylor and
Orlansky, 1987). Wearing CW-protective combat clothing during the nuclear/chemical
segment of CANE I produced clinical dehydration in almost one-fifth of the soldiers after
72 hours (Draper and Lombardi, 1986), During this same period 83 percent showed
significant signs of dehydration (equivalent to 24 hours without fluid intake). It is
important to note that the 20 percent who were seriously dehydrated were not aware of their
dehydrated condition. An evaluation of Army aviators on extended helicopter operations
for a period of 6 continuous days (12 hours in MOPP 4 and 12 hours in MOPP 1) indicated
that an average of 5 liters of water intake per 24 hours was required.

Even when heat stress was not an important factor, the performance of many
combat and combat support tasks in all combat arms was degraded when CW-protective
combat clothing was worn. The performance degradation was due to reduced manual
dextenty, reduced vision, reduced communication, respiratory stress, and psychological
stress. 'This conclusion is supported by a number of studies reviewed in the present paper
as well as previous reviews (Taylor and Orlansky, 1986, 1987).
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A paper by Taylor and Orlansky concluded that "detection of targets and the
accuracy of fire are significantly degraded when protective masks are womn" (Taylor and
Orlansky, 1987, pp. IV-1 and IV-27). As reviewed in the present paper, platoon
performance for almost all measures of close combat, heavy, was degraded during
combined arms exercises (CANE I) when CW-protective combat clothing was worn
(Draper and Lombardi, 1986). The number of targets detected, engaged, and killed was
significantly degraded. Direct fire engagements were degraded by 52 percent for all
weapons and engagements for the M16 decreased by 59 percent; battle intensity (shots fired
per minute in attack) was degraded by 69 percent; engagement range for the M60 machine
gun was increased by 52 percent; the engagement of friendly forces was increased by
360 percent. In a series of studies involving armor crews, the time of target engagement
increased during continuous operations in MOPP 4 (Ellis et al,, 1986; Glumm, 1988).
Ellis et al, (1986) reported that target engagement times increased in two studies in a tank
turret trainer, in a study involving a combat scenario in a stationary tank, and in a combat
scenario involving a platoon of four tanks operating against opposing force. The time
increased was found to be linear.

During a combined arms exercise, the duration of battle was increased 82 percent
and the loss-exchange ratio (killed attackers/killed defenders) was increased by 66 percent
from 2.40 in baseline to 3.99 in the nuclear/chemical environment--an unacceptable level
according to current Army doctrine. Army doctrine states that a 3:1 ratio is usually
necessary to conduct a successful attack.,

Command and control during combined arms exercises was significantly degraded
by wearing CW-protective combat clothing (Draper and Lombardi, 1986). Commander
casualties increased 34 percent during attack and the time to replace commanders increased
by 343 percent, It was more difficult to direct fire, maneuver the unit, and maintain unit
orientation at the platoon level.

In a review paper, Taylor and Orlansky (1987) reported that CW-protective combat
clothing degraded communication but the magnitude of the effect had not been adequately
documented. Combined armns exercises reviewed in the present paper indicate that
communications were significantly degraded by wearing CW-protective combat clothing
(Draper and Lombardi, 1986). Both the frequency and duration of radio messages
increased about 50 percent. Calls for indirect fire increased over 200 percent.

A combined arms exercise demonstrated that minimum training of the combat
platoon in decontamination procedures prepares the platoon to assist a dedicated chemical
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decontamination squad to decontaminate vehicle and platoon equipment. Decontamination
of platoon personnel and personal equipment was accomplished without assistance of the
chemical decontamination squad. This finding provided a test of a change in Army doctrine
regarding decontamination and reduced the workload for chemical decontamination combat
support with a resultant force structure reduction. There was a need for some additional
training of the combat platoon with agent stimulants since some of the platoon would have
received skin contamination,

A previous review (Taylor and Orlansky, 1987) also indicated that manual dexterity
tasks such as disassembly/assembly of small arms are significantly degraded by wearing
CW-protective combat clothing (masks and gloves), During a series of field studies
involving Army personnel, performance on maintenance tasks requiring both gross and
fine motor skills was significantly degraded by wearing CW-protective combat clothing,
Montgomery (1987) estimated that gross motor skills were degraded by about 30 percent
while fine motor skills were degraded by about 60 percent, Using Montgomery's data, the
percent time decrement (Dr) for seven maintenance tasks while wearing CW-protective
combat clothing ranged from -26 to -39 percent, Shipton, Beilstein, Chenzoff, Pitzer,
and Joyce (1988) also conducted a field study using Air Force personnel to evaluate the
performance degradation of maintenance tasks due to CW-protective combat clothing.
Seven of 26 tasks were severely degraded by wearing CW-protective combat clothing, The
average percent time degradation (Dt) for the 26 tasks was -30.7 percent. The
experienced maintenance technicians preferred 7-mil or 14-mil gloves which they reported
to provide better tactility and finger dexterity than the standard 22-mil glove. It was noted,
however, there were some compromises which ranged from small punctures to large cuts
and holes in the new gloves. Laboratory studies on standard psychomotor tests indicated
that the CW-protective butyl rubber gloves significantly reduced manual dexterity, A
laboratory study also indicated that medical specialists wearing CW-protective gloves had
performance decrements when compared to BDU.

During a field trial, HAWK missile operations were significantly degraded due to
wearing MOPP 4, Lack of prior training on the tasks by the assault fire units limited
interpretation of the data. There was a compounding of learning to perform the task and
adapting to wearing MOPP 4,

Two field trials to determine the effects of wearing MOPP 4 on the performance of
night reconnaissance missions wers reviewed. In one study there was insufficient data to
conduct a statistical analysis. Ordering the data by trials indicated that there was an
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improvement over trials but the effects of learning the task and learning to adapt to MOPP 4
were confounded. In the second study, a regression analysis indicated that it required 10-
50 percent longer to accomplish the tasks in MOPP 4 than in BDU. In both studies, stealth
was totally lacking due to high noise, slow movement, poor spacing, and poor use of
protective cover,

In investigating the psychological effects of susi- -2d operations under simulated
chemical warfare conditions, a number of field studies he . found that symptom intensity
increased during the test and there was a general deterioration of mood. During field tests,
subjects have been categorized (post hoc) as casualties and survivors. Casualties are
defined as subjects who voluntarily withdrew or who were withdrawn by the medical team,
Significant differences on a series of psychological tests were found between the two post
hoc groups in the intensity of perceived symptoms and on mood factors (clear thinking,
fatigue, friendliness, and dizziness). Discriminant analysis indicated that based on
psychological test scores, a symptom-based classification routine correctly identified 94
percent of the subjects as members of their respective post hoc groups. The coping-based
classification correctly identified 98 percent of the cases.

When heat stress is not a significant factor, Taylor and Orlansky (1987) reported
that, with training in CW-protective combat clothing, individuals and crews will modify
procedures to reduce performance decrements caused by MOPP 4, Studies reviewed in the
present paper also indicate that training in CW-protective combat clothing can reduce the
amount of performance decrement of individuals and units performing combat and combat
support tasks. Draper and Lombardi (1986) reported that the amount of prior CW-defense
training of the platoon leader was an important variable affecting overall platoon
- performance in a simulated CW condition. This variable was important even when the other
members of the platoon had little CW-defense training,

Taylor and Orlansky (1987) reported that:

. . . while many of the studies reviewed in this report have emphasized the
need for increased training in the use of chemical protective clothing, the
Grand Plot III field trial was the only study specifically designed to directly
measure performance improvement as a result of training. This study was
concerned with twelve chemical defense tasks common for all soldiers. Itis
important that additional studies and field trials be conducted in order to
determine more precisely the effects of training on mission effectiveness in
simulated chemical environments. Thes? trials are needed not only to
determine deficiencies in current training, but also to determire ways to
increase current combat readiness.

--Taylor and Orlansky, 1987, pp. I11-13
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Montgomery's analysis (1987) indicated that degradation on maintenance tasks
involving gross motor skills could be reduced by about a third, from 30 to 20 percent,
through regularly scheduled training in MOPP 4, He also reported that degradation on fine
motor skills used in performing maintenance tasks could be reduced from 60 to 50 percent
or less through training in MOPP 4, He indicated that "adaptation to and functioning in
MOPP improved with each additional try" (Montgomery, 1987). We calculated from data
by Johnson and Sleepér (1986) that practice of manual dexterity tasks for 5 days while
wearing CW-protective combat clothing produced an improvement of 33 percent on two
standardized psychomotor tests. Six days of practice of performing medical tasks in
MOPP 4 by medical specialists, resulted in substantial improved performance. This result,
however, was confounded with learning to perform the tasks. Taylor and Orlansky (1987)
reported that training increased proficiency on tasks required for personal survival in a CW-
defense situation. For many tasks the knowledge and skill needed o adequately use CW-
protective combat clothing can be acquired during brief refresher training., They reported
one study which found that as little as 2 days' training significantly improved performance.

Taylor and Orlansky (1987) reported that only one of 21 studies reviewed was
designed to quantify the effects of traiii.ig in reducing the degradation due to wearing CW-
protective combat clothing., One of the objectives of a number of the field studies reviewed
in the present paper was to determine the impact of training in MOPP 4 on reducing the
performance decrement caused by wearing CW-protective combat clothing (Wick and
Morrissey, 1987; Parker, Stearman and Montgomery, 1987; Parker and Stearman, 1987;
Ramachandran and Montgomery, 1987, Montgomery, 1987; and Wick, Morrissey and
Klopcic, 1987). In none of the studies, however, was a stable baseline performance
established in battle dress uniform prior to determining performance decrements due to
wearing CW-protective combat clothing. None of the teams and/or individuals was well
trained in the tasks to be performed. The tasks in all of the studies were repetitive and
performance improved with repeated practice for both BDU and MOPP 4 trials,

In a number of the studies meaningful comparisons could not be made between
BDU and MOPP 4 due to lack of daii For example, Ramachandran and Montgomery
(1987) reported that:

... it was intended that the testing would provide valuable information on
the efficiency of the performance of troops in chemical protective gear,
however, the data obtained were not sufficient 10 meke any conclusive
interpretations, primarily because there was insufficient trials to subject the
results to statistical evaluation. (p. 4)
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They further indicated that

. . . since learning and adaptation occurred each time a team performed a

task, it was impossible to identify statistically the specific performance

degradation due to MOPP 4, However, such an analysis could have been

possible if the trials had been repeated with more soldiers who were familiar

with the performed tasks. (p. 5)
They found that the "time required to perform both movement and skill tasks improved
when experience was gained in MOPP 4 gear”" (p. 7) and ". . . as the teams become
familiar with the tasks and the course, the time taken for the completion of each task
became shorter and shorter irrespective of the attire" (p. 7). In others, there were not
enough subjects to permit inferential statistics. In all of the above studies, extensive field
experiments were conducted without an appropriate oxperimental design. Consequently,
the results of the studies are difficult to interpret in terms of the two principal objectives:
(1) the amount of performance decrement due to wearing CW-protective combat clothing,
and (2) the effect of training in reducing performance decrement.

Shipton, Chenzoff, Joyce, Deibel and Weimer (1988) also demonstrated that
practice in performing 10 F-16 maintenance tasks while wearing CW-protective combat
clothing improved performance on the tasks (training effect), An earlier study by Shipton,
Beilstein, Chenzoff, Pitzer and Joyce (1988) had found that the CW ensemble seriously
degraded performance of these tasks. Since data concerning baseline performance
in fatigues was not stable, the data concerning the training effect while wearing CW
clothing were confounded with the effect of learning to perform the task as individuals.
The same conclusion can be drawn for the four tasks performed by two-person teams. The
training effect was further confounded by "interventions," i.e., wotkaround procedures;
modifications to aircraft, AGE, and touis; and job guide changes.

The studies reviewed by Taylor and Orlansky (1987) and in the current paper
clearly indicated a wide variation of the amount of performance degradation due to wearing
CW-protective combat clothing depending on the combat or combat support tasks.
Nevertheless, a general finding was one of significant performance degradation of
individual and unit performance.

A growing body of evidence indicates that there is inadequate training in the use of

CW-protective combat clothing. In 1987 Knapp and Orlansky reported that:
. .. (a) the effectiveness of CWD training is not adequate, raising doubt that
the armed forces could survive and accomplish their assigned missions in a
chemically contaminated environment, and (b) the limited amount and extent
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of CWD training is due primarily to the relatively low priority given to

CWD training by military commanders at all levels. (p. 51)
Ramachandran and Montgomery (1987) recommended that "all military exercises should be
tested in a simulated chemically contaminated environment. Each task should be repeated
until no further improvements in efficiency can be maintained" (p. 16). Johnson and
Sleeper (1986) recommended that soldiers be given intensive training in job-specific tasks
while wearing CW-protective combat clothing, especially if the task requires a significant
amount of manual dexterity.

A Navy survey was conducted by Moskal, Driskell, and Carson (1987) to
determine the knowledge level of Navy personnel with regard to chemical defense. The
results indicated that almost 50 percent of the 333 Navy personnel from 16 ships to which
the questionnaire was administered had not been involved in any shipboard chemical
defense exercise. Only 7.5 percent of the personnel tested were able to answer the 11 items
of the questionnaire that were considered critical to survival under chemical warfare
conditions. Forty-eight percent reported that they had not participated in any shipboard
chemical defense exercise. Two-thirds reported that they had womn the mask during the
past 3 months, Seventy-two percent reported that the last time they wore the mask was on
board ship. Only 17 percent reported that they had worn CW-protective combat clothing
for longer than 60 minutes at any time during their career. One of the Navy's operating
standards requires that proficiency be demonstrated in performing General Quarters watch
station duties while wearing CW-protective combat clothing and equipment continuously
for at least 6 hours or longer (if feasible). The data indicated that less than 5 percent of the
personnel surveyed had ever worn full CW-protective combat clothing for more than
3 hours. The number of personnel who have worn CW-protective combat clothing while
standing watch under General Quarters was not determined by the survey but was
estimated to be about 5 percent.

The report concludes that a critical need exists for further training of CW common
skills, i.e., the skills that all personnel need to know to protect themselves independent of
the special skills that may be needed because of a particular job. At that time (1987) the
Navy had no training site with the responsibility for training all hands in CW common
skills, During recruit training, a 3-hour period is devoted to chemical defense
familiarization, but it does not cover training of CW common skills. Subsequent to recruit
training, the vast majority of Navy personnel receive no further formal CW training.
Certain ratings received additional training and there is a 5-day Basic CBR Defense Course
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which has the equivalent of 1.7 days of chemical defense-related training. The input for
this course in FY1986 was 2,382 (Knapp and Orlansky, 1987, p. 20).

According to the report by Moskal, Driskell, and Carson (1987), Navy enlisted
personnel do not possess the knowledge of CW basic defense procedures needed to
perform common survival skills, With 285,000 Navy combat personnel in 1987, the
throughput for the Basic CBR Defense Course would have to be increased by 100-fold
over the FY1986 input to provide CW common skills training for Navy combat personnel
in 1 year. Without this knowledge among its enlisted personnel, one must conclude that
the Navy would be unable to accomplish its assigned mission under chemical defense
conditions. A significant deficiency appears to exist in the state of readiness for a chemical
attack against U.S. Navy ships.

The growing availability of networked simulators, such as SIMNET, provides an
opportunity to conduct battalion-level, two-sided engagements under experimental
conditions (Orlansky and Thorpe, 1991). Thus, it now becomes possible to collect reliable
data on performance in simulated combat arms exercises, wearing CW-protective combat
clothing, that can significantly extend what is now known reliably only in laboratory
studies. Since networked simulation provides such data as weapons killed and exchange
ratios used in most combat models, one should be able to estimate more precisely the
military value (and/or penalty) attributable to wearing CW-protective combat clothing and
of training to achieve maximum benefit of its use.




V. CONCLUSIONS

Based on the studies reviewed in this paper, the following conclusions are

warranted:
l .

Heat stress, due to wearing CW-protective combat clothing, seriously degrades
human performance. This finding is supported by many studies reviewed in
this paper and in previous papers by Taylor and Orlansky (1986, 1987).
Under some conditions, performance will degrade significantly within 1 hour.
Endurance can be extended, if ambient work-place temperatures are not
severe, by enforced drinking of water and by frequent rest periods. Heat
stress effects have been modeled by Goldman and associates at the U.S. Army
Institute for Environmental Medicine (USARIEM). The model accurately
predicts (+ 10 percent) the human metabolic heat production of soldiers when
1evel of encapsulation, environment, physical condition of troops, combat
mission (including duration), physical activity and work/rest cycles, can be
accurately specified,

Even when heat stress is not a significant factor, the performance of many
combat and combat support tasks in all combat arms is degraded when CW-
protective combat clothing is worn, This degradation is due to reduced manual
dexterity, reduced vision, reduced communication, respiratory stress, and
psychological stress, This finding is supported by a number of studies
reviewed in the present paper as well as previous reviews by Taylor and
Orlansky (1986, 1987).

Field studies on endurance of combat crews in armor, mechanized infantry,
artillery, and aviation operating in CW-protective combat clothing and involved
in continuous operations have indicated that crews will have difficulty
sustaining effective combat operations even when heat exhaustion is not a
significant factor. In most of the field studies many crews of combat units
have become operationally ineffective due to voluntary withdrawal of
individual crewmembers from the test.

During a combined arms exercise, the duration of battle was increased
82 percent and the loss-exchange ratio (killed attackers/killed defenders) was
increased by 66 percent, from 2.40 in the baseline condition to 3.99 in the CW
environment. This loss-exchange ratio is unacceptable according to current
Army doctrine.




10.

11,

12.

The detection of targets, the engagement times and the accuracy of fire are
significantly degraded when CW-protective combat clothing is worn. This
finding is substantiated by a number of studies reviewed in this paper including
combined arms exercises, and continuous operations field trials. In a number
of studies involving armor crews, increased target engagement times are a
linear function of time of operations in MOPP 4,

Command and control, and communications are significantly degraded by
wearing CW-protective combat clothing, This finding has been substantiated
in recent combined arms exercises.

Wearing CW-protective combat clothing results in a significant and important
increase in serious dehydration. During hot conditions dehydration will occur
within 1 hour or less when the individuals are engaged in physical activity, so
enforced drinking is mandatory for health maintenance.

Manual dexterity tasks requiring both gross and fine motor skills are
significantly degraded by wearing CW-protective combat clothing (masks and
gloves). This finding is substantiated by studies involving disassembly/
assembly of small arms and involving a substantial number of maintenance
tasks. The use of 7-mil or 14-mil gloves instead of the standard 22-mil glove
provides better tactility and finger dexterity, but these thinner gloves appear to
be more prone to compromise.

Wearing CW-protective combat clothing produces a variety of psychological
effects including increased symptom intensity and general deteriation of mood.
These findings are supported by a number of laboratory and field studies.

Recent laboratory studies suggest differences between males and famales in
physiological tolerance to heat stress with female tolerance being lower, but
this finding has not been established incontrovertibly.

The studies reviewed previously (Taylor and Orlansky, 1987) and in the
current paper clearly indicated that the amount of performance degradation due
to wearing CW-protective combat clothing varies widely with the combat,
combat support, or combat service support task to be performed. A general
finding, however, was a significant performance degradation of individual and
unit performance.

With truining in CW-protective combat clothing, individuals and crews learn to
modify procedures and consequently reduce the negative effects of wearing
CW-protective combat clothing when heat stress is not a significant factor. A
number of studies has indicated that training in CW-protective combat clothing
can reduce the amount of performance decrement of individuals and crews
performing combat, combat support, and combat service support tasks.
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13.

14,

15.

16.

17.

18.

In a simulated CW-combined arms exercise the amount of prior CW-defense
training of the platoon leader was an important variable affecting overall
platoon performance even when other platoon members had little CW-defense
training.

Many studies reviewed in this and previous papers (Taylor and Orlansky,
1986, 1987) have emphasized the need for increased training in the use of CW-
protective combat clothing, Only one study of the 21 reviewed by Taylor and
Orlansky (1987) was designed to quantify the benefits of training under
simulated CW conditions,

An objective of a number of field studies reviewed in the present paper was to
determine the impact of training in MOPP 4 on reducing the performance
decrements caused by wearing CW-protective combat clothing, These studies
failed to achieve this objective since none established stable baseline
performance in the battle dress uniform prior to determining performance
decrements due to wearing CW-protective combat clothing. In addition, none
of the teams and/or individuals was well trained in the tasks to be evaluated.
Consequently, performance improved with repeated practice for both BDU and
MOPP 4 trials.

For a number of studies reviewed, meaningful comparisons between BDU and
MOPP 4 could not be made due to lack of data, an insufficient number of
subjects, or poor experimental design.

A growing body of evidence indicates that there is inadequate training in the
use of CW-protective combat clothing. This is supported by a review by
Knapp and Orlansky (1987) and a Navy survey conducted by Moskal, Driskell
and Carson (1987). The latter report concludes that a critical need exists for
further training of CW common skills, i.e., the skills that all personnel need to
know to protect themselves under CW conditions.

The growing availability of networked simulators, such as SIMNET, provides
an opportunity to conduct battalion-level, two-sided engagements under
experimental conditions, Thus, it now becomes possible to collect reliable data
on performance in simulated, combat arms exercises, wearing CW-protective
combat clothing, that can significantly extend what is now known reliably only
in laboratory studies, Since networked simulation provides such data as
weapons killed and exchange ratios used in most combat models, we should be
able to estimate more precisely the military value (and/or penalty) attributable to
wearing CW-protective combat clothing and of training to achieve maximum
benefit of its use.




V., RECOMMENDATIONS

Based on the studies reviewed and on the conclusions, the following
recommendations are made:

1.

In 1987, Taylor and Orlansky recommended "since only one study, the Grand
Plot III field trial was designed to measure the amount of performance
improvement due to training, it is recommended that future studies and field
trials directly investigate the benefits of training. It is important to develop &
more extensive documentation of the effects of training on mission
effectiveness in simulated CW environinents" (Taylor and Orlansky, 1987, pp.
V-1), While a number of recent studies have had as an objective to determine
the effects of training on improving individual and crew effectiveness in CW
environments, methodological problems have limited the effectiveness of these
studies, Consequently, this recommendation remains valid,

For studies designed to determine the effects of training on improving
individual and crew effectiveness in CW environments, the individuals and
crews should be well trained in the tasks to be performed. A stable baseline (in
BDU) should be established prior to the introduction of CW-protective combat
clothing (MOPP 4), Enough subjects should be used or trials conducted to
permit statistical comparisons between baseline and experimental conditions,
and to permit inferential statistics with enough "power" to enable the results to
be used with confidence, After introducing ihe experimental condition, enough
trials should be conducted in CW-protective combat clothing to determine the
effect of training in MOPP 4,

Performance decrements due to severe conditions are unavoidable but their
impact can be delayed as well as reduced by appropriate training. The Desert
Storm experience, not examined in this study, can provide important data on
the performance of troops wearing CW-protective clothing on their arrival in
theater and the effect of training in improving their performance. We strongly
urge that the lessons learned there about the effect of wearing CW-protective
clothing and the effectiveness of training in its use be carefully reviewed.

The experimental data comparing male and female differences in performance
to heat stress while wearing CW-protective combat clothing is extremely
limited. In view of the increased numbers of females involved in combat
support and combat service support roles and the potential of females being
involved in combat situations in which a substantial CW threat exists, this area
warrants increased research emphasis.
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APPENDIX B
OPERATIONAL DEGRADATION DUE TO CHEMICAL
PROTECTION IN FIELD TRIALS WITHOUT
HEAT STRESS

Source: Goldman (1981)
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APPENDIX C

. EMPIRICAL STUDIES OF THE EFFECT OF
CW-PROTECTIVE COMBAT CLOTHING
ON PERFORMANCE




~Acp pamg uo
uogIe ou pue APp pUONas %O "APP SN XS] “wogoe abegnowes

Ageogeuserp pasearns poddns sased
S Panpu 4o souspueda “pemmsenb woddns
U PO SSauaaag] - poddng eny ) o ysEEd
LS PISENNE SONPID DU KLY poddag sy i}
paseom Euanbag safessomopey (1) wogemp Ansankan
UM -salessowm
SIapucws pogy soexla of sumy {2) opey (1)
IPTRT W AIC suogeInsm0?) ()
JPRLIOD) P PRIENEN0?) sovydcy sen) () g0 Sueapy
WPERS PYSSIOMS © 10 ONLS L °C® 520y ‘somensy  “sSkEUR JEINSEEIS ON ¥ dJON SA NOE
Sawbas suspop fmwy 66C 1Y T wony & passasse jp suosuedno easoy-uc-amoj TOER]
ﬁgiﬂgum sepuexa) (1) SS—
{hnueye) %2c paseaou sassol Apoeu s (1) U puUTEENO]) _Illuul”hu d. -~
%29 paseasan ameq o wnemq (01) omes B.n.ll..__..l._l- -.L_N HF*N-H
pagry spabieey ong o slepsanag fs)  “sessop pueny SuoowL} NOJSHOS Wi SRS -
RIS OF KZL WO RST PISTROOP SN0 ‘opeq .
pabebue ol pang j0 slieysian ig) 10 sonemG lﬂﬁdsjg O
ousgeas  ESUIPP) %ZZ pue GpeNE) ALY poseacop ‘o !I.Iull_._ .nlns. ..ﬁl.
Aaapre wu uogeywars SpaEo stodee, S - P et Seprecsnj () smoy Z7 §o seogesdo om] - SNER]
“PERRpUD RO9C PosLas sImolelus geprages | ‘soun polielias “Paw) segyeased ssens ey
10U SBM UowssIsse Agensed eoasay) ¥ M2S £q paseanus unll sunpes 099 20§ sullony manty g Ao 'Sepgapeg ‘yD ‘eBOrenmng{ Vo
pa—— b p sl prowsalelue slesane peseeneg ic) 0 slemeseng () “wsan AP Swos g “samyesadusy
€E(Q POSN aom SIERERS poutsadoy MXE9 peSERDep ‘sampouedce P 0} 000 Agsogy “IEIRERTY
N Comaysioys jo sequn) fysuam sgrg wopasamy &) S [ -
“PREELICN 106 K19 0) KEG Wway “spuensbeOus Bll-ﬂ.atl - - {fsuooyry
SEM ONES JOPUINIP O SMPERE |01 oL %12 pestansp fuangs mawabebe (o) rpowm {2 pr— Yy : Amuseya
KOS PISTAOOP SINSEuS 919y Symsuselctus oy 27 204 Supesedo mooped Aeesa penuespopy)
9961) L ouent o %zcpeseancp syomalebes ey Dang o (i) T o T sy
Lo | AREED PO Koy "o’ sa0g) hamey noa poos ) ddOm Sary
pue sades) fpegucipue adexq wsj) ¢ 40N e (N00) mmaseg puospedens  “mguico asop) (e) oy JE0P gm0y  peum) ‘)
hprs SRR FNID SUORCpUNRNOONE] Pue Sl | samsoep o odd SUOERANSIK) O SUORENINT) Smpor)  fpms p el
Aumcnb
ML
o adilj




“peroq g peped JyQV4 sedas ()

Ao s
oep PPy WD WAV o meday smmpew O
ST Jezyeecy GOL e (9)
WSSy OSIeNEs]
> ) mmpews gopy ek )
LOETF %05 SaTgmot; GO o aedapy gy Cyoays Jeaco {5)
-usst) ) suapepy 0ot 10 seday) S POKRPOSy
LawoB FEU PR St o eaaloo we  WEp PPN y) SYoom o Dencoey :Hl..ne.l.nl!h“lnna-ill.u
WOy S S YOROUE ¥ SO Ut Sunen 1o oo wogpewg YO SOy S0oedas pus enowes ()
pue (/961) O ISP O ¥ IO IO VOIINPORS AR
RTFREZ ol SOUNUTY T “ped
Dol  Joys PIPNPUCD SEIR HENOUS oM SISE] M " : W
-0y pue oo 503 “Srskpeue peonswers pagsaaad e § a .lllmfliL
veusess oFEP 10 10E] ‘S5T] Swns 104 ¥ dJON *0S L CVOINUTY - -
ey 10 BoRAPOIRN St of Joud PAYSEGEISD w1 Y JJON PUR NOEA 20 pasedieco sea
. PPB) sema] SHSE) SOUNSEEE sHovea sachecoos
‘(z961) ou sE (5 W Sugaseq sovemmopad «OZT%ST WeL VIR O SWENq SoUSHepEe J0f S} DR L
Aessiopy aqes Y Pousopad aq of Ssel e u WIN} ST b B sousuoREeyy)
PUSIIM,  POUNEN JOM OV SSaM STENPMIPU Jopue weo)  TRIFPIEEERY = opycheoo o3 sum suopy JEIOY )Py 2
fpras SRSURIO?) LN SUOREPUININCONL] P SOwpw § semceeyy 1o adf SUORRANEG) JO SORPUOD) Apras o adhy




—saygond £ esam sj00g Dugesay swepnd
s oogendse waqoed Lewed sy sem dn L asunid
- SgmmogsInD ] .

-PENG 120U JRE PAIENPLE EIED SEEUIORTIRG P . v
“uaad 04 03 G Paacad peug Aq (susey “seagoeiqo “EMOgO§ S8 PECUTEIEg SEM s
o 10 e0ear) i JION W Wewanoadey =gy 20000 ¥ AIOI W SR Qmg s 1)

%99 Woqe Ag spem £ 3040 pascade NOR poswsecw {9)  wWed1 (PES AQ perNpUo e ) TSR]

e i e B R Pt oo 2T
UGN SHIBDIED ) T PRI “Sugduss “pee
om srsieue v © powesad § SI0N 207 pus 2 03 §0 TNE) £) SN Sapm ] SPIIRS

e "o somiap e ousy 3 WOpms TORER]
o4 anp vouEpexiap sousuoped ERg S “ssempep o oy {4 02
JSION 01 0P Sunnpas PepUNORIcD esess wogeydepe pus Sumey  “palieny o ogond «25) W Of syeapogy “FRREUGNT]
(£361) Gumwen 10 Pag o SuResaRp of syenbepes 1o Synsas eup ‘wlisep g oy Sng YN
osge semulisag ¥ JdOM Of NP BewA0P SAAR MYl IO YIS LD PANIDIO SUOIPND .u...-llaol!!E »ou . .a_ﬂl.o (aueosmu
SURESIP Of ARRQEL U5 PaRSH ¥ dJON 7 JON O UoREXinpE pu JfsEy g moped i - u poyeymns ¢ Oomp -ucoey
10 Gsn e 5 J0pd XSEI SOUESSIEURIOE X Sunses] secipus poysens weoped o s SSONWRNOA P mmdeo) WEEE o)
U0 SouTMLOpd RIS SARPIE Of Senpe § O} JIGIIEIS) SSEm SyON] SO WON BIP 8] apypdern of san] uopy WY g0l VPR
S N0 SCgEPUSNICOeL] P afkapu Semsmeyy 10 od; HONBAISSGD O SUCPLD?D) Gmgory  lpmspedd
suousdmb)
sapewd
padi]




¥ JJON
u Dugesado
“SUOIIPUCD BM..I__....!I-! S0y Meagulis AgEonsuers 10y sueaw asedmoo of pasn 1S3
L 8 » N Asopyy ey “{UONPU0D AqQ Jum) JROySUCIEAIISIP O S3aqn genbaun xf (YAONY)
eouemsysd _ o Um0 Srsieus Aes-Ong 9] OIS YIES JE PRCNPUCS SYSEL ZY A IO PEd
- uamdnba 204 S0 suks Gu SUOWE SOOUSSAPP 10§ 1S OF PAS 1S9 Ndeses-S SIS TS|
uoamgaq duysuoges ..ﬂ!aBo__E noa rddOM  ¥ddON £
e smoys mopad oy
Son Vg 10 ORI e ypwe 20p ¥ 3dON noa rddom ]
SP O UCNEIIEETS Uy,  SUNS SAQENEND ¥ 440N ¥ dJON noa
wu) vogesado
“Sun) pUe uNo g e mpEZ WE W
papEssazs ML TS B
Swun pue suompuod  “{sysey =0t 2y)
wempquope  sepey] vongsmboy SMogof
-sopa {g) ‘wun) = spd (0) TR 5 O3 NS IR UM Seay Sxg 10 uogesedo sy Summoped 1o sepio g TSN O
pue ymo g uoyd w “sopuney () wz-= o
ﬁﬁlﬂﬂsn nﬁn n_.._m.._._u:_.__u_._ M0 Avey) pue {92 =) Bum), w03 (RS © SEUN S IRTR s 1S SPEES
pue pno g Auang) snoruguo? ) SABp sagroscucs seay) URENRY
SYSE] G JO) SUORPUND  “SEPEY] JOYELIRE
povesad som0g “Miping woou iq %05 o1 SuEseuoop Bunitm ke
BLF&u .uu._i“_l.“ 001 HE WO0U Q098] SAOGE 30 - 06 0 Bursmesus 4 0/ Bussom Sy JIGT EIAF)
& payEp SYAONY uooyesy (=) “woow QHY %02

oy wunL 2y uamdmbe 03 pesmaniep Sunsows APee 1l %05-0F - £9 01 .09 J0 W0 s § 47 -.p% BIY




§
i
b
§
§
3
C-7

) B NS9SS WOl S (2)

“oas ilut.xms!n-%g _onlgiuil:sgaa.s nogui sy 51




0w ‘SeBdOs VOREIRNINIICO WOY) HOeD

‘papeslop 106 Ssom SIsEy ¥ SJON B Skep oy pue

10 s0p0e)) papeitap grs cem spsypsom odd)

35y peom adly “wopemmunyo?) (2)

w Busses] 10 SPER Sy yYas pepunodeco owpes o elfiegnoused pue wogegzs (1) Ao pus Mouxinbe BOFEIRENEND UNOD

pue pers 304 POUSIQEISS 10U ST UISEQ SCETS VY

el

C-8



oues asey
sousnpsd 59 “UOEI
umounyy SOTY
=ansesq0 sman vosed-sang om] STRFS
smoyg yZ TNENQ
ssaooud “TUSRIIORALD
o emooe euney) ayesapoyy JOSRBIGIATY
“(9961) “smnoty pue paads ‘sowm
umug pue S ———————— R A  peiop) o m._c..._l.iuunn._.ln —
‘yoney NO-pZ S PRSI0 2D BUD SMOY powebebue jale nll I_B.wlu
‘FERIUR] h*!ﬂ&lgg.ﬂl sysey Hommb wox LI YOM ¥ JJOR Iroma
‘vosuyor oyginorg Gursseoosd VOREENORE SEENTOOR 20§ SEIGWED ISEARMS (000 1 CH | PUE ¥ JJON wvi
“ou3 {seoun] 150 Otg INOYBAORY PISEAINE ST AP B PIICOM Sinoy 2 10 epio 1ses-ops TIETDE uaut.i.._-n asey
sy wemsletus 1902 “pepege Jou kemoy =pep loemooy suoyy Y rddOR PPy
Apmis SURABOD LMD SUoEEpUNCOSY) pue sl samseayy o 8dA} HONEAISE) JO SUORPUIOT) Gupogy  Apes o edd
Auamdnb)
-
. o adh}
K @ ¢ ® ¢ ® e [ ] e
















onssaadap sagead py SeRECSE Y JJOM 203 199) Eaopepisy suoy JEIY NOQ EELpay 9B
SROEANO?) e SucgepNonaNcosy) puw sBupns § amsuepy o ediy SUONPAISETY) JO SHOREPN0?D) Smgoyy  lpms o ediy




-(a3861) SImENSED weanyeq sicigewe J01] IS0
_Eamm_.ws “sdnoull y SJON sang “decill NOY O
4
.!nﬂ“:.m “oNeNe0s sug of semdosdde
o SN WO POAED G0N SIAD Iy
m_u_..n.semm....m l_i_.ﬂlluﬂn- pas— u_uu_llm ].E_uu..l__.uan Kangw semve .o 0f wammes Gusmssoped v:
. ~ y SR SCINREEY ¥ SJON 10 SRy ¢ :
spresp] dopaa(d ¥ JJON A SOUEIUS pexn = ey 3t 3 4109y DUNETT (@]
“NPEN SouTIEe 0y SsogsaAIpn sagulioo dogane( P il
“X0U} » dJOW s appa Sunsen FERORDPY Suopes
“(esB61) rTE—— Ierucy w-cs) 204 30 1088 sekps
*BIBQUAIM o Speigns 9 P EE SRS
pue “sapeas “oyes
werrparg Poos pu Sophals 10 AFSUTRE B0 STOMURS oy “smgerachady oy $Z SORER
“Aapea PO SINERSE) SOOI SIONMMI(] I O SaPRER 156D .1 sg sea dnab
(9061) - Ewglnuu..lm:n .nl...nl..aalu NOE 4t 20§ sempesochuey Reawques: Fsougtn
oS Oy umE £ 2 | w0y ouempey ‘o P eqi Sdnod ¥ S A0 S 20p Gengesadusay
. o 20y ey suylny Agreapulies asam sdnosll y
ﬁuﬂ......i;. SION SRR A 10§ SAYESICIO) WINQEY Enogamiuoopamdcsnggep T OrORd  sbemas 1 £Lol-6-iw TN _..H&Q._ _
suopy J5ey pagapsco sdeal ¥ SHOM seap “wogendo AR gy peseIsns 1of ¥
oL “teomensed ewsoed P o R AP BB N08 T T JJON e N P waedw) TRDE
‘Jasapue  pwpead of) SICMAMS PUS SIRENSED MIINIG - O gE— ssap {Ksognry)
ey SuREp 153%-d szipeue oy page ) w SPFEN] ‘wosss o womemQg suoy TN epeqlauy  EN]ReY 0L
fprs SRIVWANDY) NI SOERpEsRNCON ] pus sSepw-§ sumssegy o odk] BRSSO 1O SUORPUOD) Suxgoyy  dpms o eddy
Awmdknby
aamIog0e g

o adly

= |




C-16

W2 D0 TERTTY
TOUA usym tossan o il wucied of sxpn " 1SAS] JOM SPRIpONY
DO SR M) U PRSP WERRED oy forgy 0 mas dQ POSOP 109 Y JJOW 9420
SPNSA QDD TSHS IR PEENIRE s eamolNS
156 paoco-sepan € Susk Ougooo Asgmny Damooo
. RN e P N D GION TAOT o
“%001-09 £ °2.C6C iy Frogyoe
ueempeq mooped of Auae oue:cs pepdes @00 “w sad Sipeq vado ey “y 50N ‘v A2Q -
(e61} —Buyooo Aegome “pesop ¥R ‘Y JJON 091 o s yIy wack e Y 530N ‘T A8y IO
uRRIOD o e nsrge NI Woy oy = ]
pue “SIIM ™ OC == HOBIge “wyws o] wedo WY EIJON 20 JIONPUS  ASBgIre g
. ueemiiq peycayss weopod of Sgpge “we 08 ! :

o) soge posumme oo WHm b SO O TEOER ol aJON s Aeg TOREEDG  ASON WEL 1400
(1961) B s “{on} pomcce  EuIENLix]
USRIPIoD) -opeueos pageyiecs—wedo R TIION  ssumeden ppsy B9 ¥ dICT ey 1L
hpms SR FEORID) SuogEpuoNcONt] pus slupu semsaegy o iy SUOPEASIY) PUIE SUWOS]_ AL Gagory  Apms o adky

foomdmby







3 SO WSI0N 21V JJON W
smog 21 ‘siep snpossuco ws TONEN]]
AT SEZ
wos pelens amumcns S1p “SPokps sy
20§ DGOC P 5 HC weamya) peliesasy
1968 wbpoo-pH TENREERTY
pue < Sugooo Jougee pus i peusoged srifs | S
“Buuag “speepues luwy o swoped igesoust -llll_-ig.ﬂl-__.! worssam
“soys PUR Y JION & g Ay oo Sices iy Wwes-ag-p-den ‘sucyesedo o€ 24 {swomesedo
wnaps I s popepuy SR S0peS wos Sy g poney sacy papapcs spngm owe sapmes 0 o
‘spremp3 oeucHsanb 5 spalqes x5 e pue sliege: gueenO 1%09) Seepoal PN o) WOEEN pus sOuges lsir-.-lu e PO eIy
‘ouy] 153 )0 esqy “Sskpue Eogsees Avmmns  shp pepm) ST SonsEs S Sisea Sugoco  Jopd Ajepes; “spmpye - . YdJON  PeMmERS)
‘PR Apao pagrwad dnad Ersemseds gews popmewy sopgod s gZ 021 04  ‘pesdiae Bupesy) ooy BN @ AdOR FELPRH T
Aprug NS0T RN SORIpUCEICORL] pus stpws SemsBeyy 10 el | SUOFRAISSGD) PUT SHORPUOT) Sungory  pres o adiy
moswdeby
oo

poedty

C-18






%S KL ) won peliums
gl‘llv&oll#ﬂ“m! g3 2 g b 90U o)
polues SINOOq pue SO0 JeqaRs on = dang wselm puno)
“(z861) IVZAIN 208 K15 KEZ Wy POBURS § JION Bumscped e puncdd amy. DHEIEDS WV weoay)
Yo 204 sapses weny yomb G wo 90] JowerNodd o807 Sowsras g suoy JOIOY S JJON M) PRy S
fpmg SRPPN0)) JEIN) SUOPEPUSRENCOSY] pue aliupes | snsoeyy o adk} SUoHRAISSOQ) 1O SUOIPUIOD Sugop)  dpms p edhy
Auewsdinb)

C-20













<
Q
e o
DUNETL
PN D PAENEES 0
i FepdSop) UoRENIeA]
§!’E£§ L PUZSE SO J0 SIRSE B g
"SSaRS IS0 JpUN SHFENSE)
Ewuap Semao so Supadee pUUNSag 2 £ - a
o - TRCCERATY
{ase64) fagmnpdad 9 S P MO PSS Guunp sagense> R
T BasSeON] ® - fschos SSanS Jeey eay Jo Spnis ese) BIEUIDS o0 ooy
pue s swoydess pediopoypadsdong yenbes IS0y L P kouenbay auoy JOF YdJON UL PRY AU
Apms SO FEND SUCKErUoERINOOL] e Stupel | amseapy 1o edky SUOHEANISQQ 10 SUORPUOD) Dumpory  Apms o 8k
Adwdnt)




SENRPUTERTSI
5y ‘6 =u)seagpudEnmy, P
%0511 =v)1on gpej 2>
%09 °cs =v) Samgmeny pdnyg 3 v
%89 ‘o1 = s} e 1o SEoNpPONS O
%11) X141 ssdeco oy
sogEnse) szigme
pape; SPAGNS 61 ASINISENET SagERSEY) © ‘suscytuis prxBopepisdor Suodas
speiges 1o %<8 SPOlgNS [0 Jeguns & ssessy BOEN
pavodas seseodsas peafiompiedoyg smos 2 k.
% e ymascased ingen 291 STPS
%89 Tanpeag pdey) > -moy 1 TSN
%09 YWORN] 10 SCOUPONS Y
%05 7 Gumey ifllll!!'" X14 ROPew-pO poreps o—a
Fxoppieha Faoppisdong ' Ouamogoy aseucopsng TREDS N ey
20y 1o kowenbes 3 w0y JEOQ YAION Wul Py
SUSNAR0)) eI SuogEpEommTON] pue slapu samssepy )o o) UOPEANSGD) [0 SUCHIPEO?) Sampgoyy  Apms o edd
Auswinsy
supansy
pediy




2P 1 SI0q L 1oy seeol —
2109 ysEs 7 P Z s Sousmoped
pepuBep yug pewdnbe 31 & L
oOes o) qor
-sousatoped
pepuBep mos pepodes 7 10y
“3ns w1 100 Aflupeens pepode / 9
OgIes WS
woNs N0 pepndas 11 10 S E O _
-] “sowsusdee
yen smeygond SwlBog pupodes 1) S 4 sermens ax) ou pug |} O TEENA] -II-.I-_“-_
“smegoed mess pepodw 4. 0/ & “SENE} SOPBURNURICOSD 200 Damoyoy
pE——— pus Asams o Sgques || STERRG o
-WOPSOND
swoyimis 44 e Iy a0 PS £ e oy 203 1 o SO _
By sopep e Semuny asem 1. P8 4 _ wmmspemu  (eepwecy
aoyse, P S308 “MSOW 30 JSqu synbepe (8 e ol iy ‘s fpnen S g—— ‘g mpugh l
.li..:...n mogoes e L hlli.un._.._-l!ll ppn |
‘spem mwsn  pmogduc) |
“vosuresy TSP RSN mogc sessndsay am fiqpesssgep papuss g THOY i) ‘mEew  PELPEH W
Apmc SSMN0?) D Suopepusun0osy] pue slupe § ameseyy p edly SUOPRAISSR)) 1O SHORII0?) gy lpmspedl] _




C-27

_
|
|
|
“
m
|
‘u
|
|
‘
L




“SUONENURINIOO JEgPoA J0 Pedrsll speulns
puey asn) Tussen o) Siqeuawe are swaqued
uogEoRIeco ey podas SKupy b dd i
W SySe} JueANal-uoss 80 Gunsey paseaou
pIpuIuRNco SPAgNS TERPITNEIH
55 (11,01) Souewopad ey anosd:m prom ¥
JSJOM 1w oy wwopad of Gunees yag pageogrs “spalgs moy
spsigng -i6-N NOG ™ 00 10 ¥ SJON 104 A0 ¥ SICAN W Soueuncpad MsaEao
303 SL/EL 20 Swaggped AEsA TR Y JION speigRs ueeymy o Suai 108 ¥ JJON
ISEj U0 SWIAGOXS VOREIFIERE00 RIPodas pue (XK '8 S0UD ISP Fe aoummuopod
2Z1-N) NOA Guseom uagm pagrodas esI0 ¥ IO PUe N0 U
susaqosd sogexucesnd oy “TIEUIEENT aouesuopad ¥58) 1o vosiedino) TSI
“sisheue papsaadsd “Syssow 9¢-Z souauadcy -sbunes
Busgop MO Iy o1 peamm Lypqeues aagadses o pousen gy Sucy TOEEEIT
90 PAROIPOO J32M S SIETRIOPA A o ) IORYS
{suoneasasqo &,ﬂl:.l {suonmasosqo “SagnEm (G- wou pabues
1) SN0 “(SUCRERIaSO 01 ) ey S5zl o o SovemOpe,y TENK]
“fsuoneasasoo § §) wammetsano soad-omy B
“(SUaIeARSqe 21) SHSER SN SUIuRnnd Bog o anp
Sameau paseoas tons SuRgop O 10 Susay para Lppcyse “uged Sem VORI BIS
O = ¥ O PIRII0 ¥ JION & Swsacnd 4,06 PO I0omaq SPm o c
VORSIRINURECD (0 SESNRNcD Sapbau sogm Lewsned )daox? suogesado
Uy “{suogeAasqo 2) pash aq of pey e 10y 3, 97 PUT SO Ussenag) IERININT
speufies purst pue “[Suogeassao £} pageedas
“fsvomeasasqo y) SS0oRsEn “(SUomER ISR gg“x&hﬂhﬂ“ﬂ
TP JALADIP FINIMDENIOD SYSP) tsopsad 08) PRSI ZG5Am SUOEEIIAN0T) E._IIE.FQ s LR “SYSE)
“(6861) 03 Gy 10 SDIET ¥ SION W ST “Swaped UoRESNEMIS00 3 ¥ JJON AICONSIO Preoqrss 1 souensoped vo Gumgop b
ammpue  Gumuopad 25080q QM W a3 ourwopad Geunp susspqosd g0 S399s 4G SUcEERIRSQO S 5 wwogsad !0..9 ﬁlﬂﬂ preoqdus
‘Feysopy 2qeys yeas 0y SNE ON “SHONPUCD  1SOR 1531 Guunp NySSIToRS PR e aqam] SINS PoNe sumuieaq X rddOm  snoqEpury)
‘uosse) PIPOIICOUN O} NP SIESTRIN Epep U] PansasqE Suonrsado snogedee gy SOUPEY Aq wogeasasqn) auoy FEOY  pen08  EYLPRY 6L
Apris SHIANO?) fEINY) SgEpUIECOd Pue sbape ) smseopy o adkj SUCEEAISSC) |0 SUONPUO?) Gmpor)  Apms o odk
Auemdniy




Pifife

“Sysewr 30 Supn S o
0u pap Ao JIg POYIPU! SNOMIGRE smenseRy
i 32 ST PRACEIN SIPIOS £7 10 N8AES D R ——
2338 Of pessdusco werpa

“SEIR0D SPEIG0

S50 Aguengules OCID ) seng Suppmg pue Aupepod
“SSIROD SPREgO Hgym Seus

e Agpcgrpodplgagom S0 SSONSSEP ON sousssoped wsepy
SUDEREO?) [EIND) SUOHEIRSSENNCOSY) pum sBupw § SRMENAYY 10 odk

C-29









“Gungop g0
WD) P SR |0 PESSIsSe
1240 NE 1IOpUCO S0P e (Q)
=SSO aanads wo Coapop
Samad-px7) o P awno(] {y)
AdOps Cumaey 18 susapcoad psameo(y (£) paoed palgns
S ¥ ddom e ol wo aonaades -_...:_..
ansuopa pue Gussen snsuayy (2) -y 'sen)
}om 10 SH0Y POSAER IN0J 10y SUOMPUAs
- “Mﬂﬂi_ — oMo USNIG] PUE SUDMPUCD Uty YO
Y PRE30u0s SOme feguad € gsagers] (1) am P 17 ! g wa
sumd aowsasagas prepulhc 1523 ~oauo) ulisaG
SUORTIREREN] SORMPP e 5O PRI “SMoY Pasdep? ‘SUopUOD
fsamwpeooc pull} rusasedcs SOIPD WeRy S00S S0P
“SI0ND UOISSRED SINN SN0 N
—— 8.ayp - e PSP sRlen Somoyd (») 120y Duse sy 3pe0 10§ SYAORY  TOSS]
SXI0N IS SIS LIS 208 SSTHIS 1VIH “O00E3000 skep g 0 peaids o~
IO WO pue Z guse | N(IE WI0N RIMNIED sallessom ¥ SO t A3 10y STy e wo Bunesy “«Q
sER JOHINOD IO T PR § Smoy POPOS PAPIOTN “teourwmoped o peads uay LHesroe O
20§ SYSEY S5 J0f PURDE SN SONLIAED Ou -axd apoap ) eusosed sopeotmmnecs e pus
P / PUE § SAN0N 20§ SHOMPUIO IR0 N peebancy (f) Sauesqo preoy (D0-1) KD uoag
AP0 g eesagp Ageeypulies SB35 P PE———— o] PO YSEIU0 DRom om; BRI

SHELYI00 {12 = wepew) /61 sils ‘weepmpoa
ssnS FaH-dJom w1 (1o0s0>d)

OOE3A0D e ERMIN0D 12000 > b dew gy g song fasom) ST

3175 1 Sopeydeno of punog asm (smoy fq -._...._:_.!88_ P ~kepmyy ‘shep moy TRNENY]

aymbopan &ull!iﬂ! wﬁ!glifﬁh P Sassony (2) WRI9°D 92T ‘SSansS FoH

N .ﬂlnll. - PURD 6o SIUMEP EINESS “XEZ %l ) Qs cIOM ¥ KSE“2F 21 TMRD ¥ O
Ty 204 XOOE3000 IWRSE "t tZEN0E TEEARINTY ro—
P ERMD000 Dp w0 g0 o e &5 10000 > &) el pumos Lapse "
(CO61 W S30M0 S5uy  pegns sopUOO SSaRg. o DRORPUOC fEpGasedie 15 SN LLO M ) Sy JeR0 woseep e Sumssoped L.
191 40N ‘Pasayl ssale 10 Joqunu VPSR NO0ER000 EEMND000 P uwosendeos (i)  opum SSans IeH ¥ JJOK PUs ReRos) e
0 §-108 Ve S9W9G 2 NOR I SUEEOPa] AL 1P wowtndand g SYAOKY sz SIOMWMNOBP wasedwo) TEERS L ) ipms

-lgap s PIED W SDURS 20OPIO - ] M0y 30§ $3085] suoy FOQ peaag  omogn ©2

SHISENN0?) LN suogEpuocranony] pue shupw 3 samseopy 10 adk; VONPAISTD 10 SEORPUOTY Gunpor) lpms o adk




P sequuns Slisny Gag O} SEP [ PUS S SRy 203
SSES P 90 SHORPN0O M0 ((IF 0 &N
0 Wwessgp Spuennls SER SE0NS ESH oy
IO W5EL A 40 SONEIPEIEp ON PeNOYS "syse
~ddOrY Bumtp uoEEEp MOv-J 10 WogmydD — sopps spewey veestn STFEFS wossang
— soud Apays pevumne Spekps 73 1o wey “7961) Yomon “spaigns xeo rddON  eay) Apms
g 00 3o ke wessad you pp wBseG PN pmesjsmsws (512961 Py pessisseses  pen0g  Aowogey 32
" R — swogepusamenony) pu SONE-§ semmseyy o odh, UOEEAISE) O SUCHPUOD Omgop)  dpms o edk)

Auamsdmby

adk

C.33




L
“(9 *y "2 smoyy) saxos
1591 Sw/ag{ pagpopy uo ‘32 =N (;oy
wougeor] ) yAONY Aem-omy TINSS]
“UDIPUCD POPER}-BIEQ U PIAINPUOD
S NS 53] swhg] pagpors
UO SPIOM JS85 S5 UDIYM O OG “SPIOM
00C Y SoRTesd Yeem su) DINUET]
“sc-g1 sebe
“spmod SIpoS o oang-Awam)  EPES
eEp AP0 e vag pemp Anedgubes
-Aepymy “shep e
SSANS TN SO 0§ U9 10 SOUEROPR] pmed T
Uy 201z g 49 SuLnp SI0t SM00S -Aprs Sup g
UBIY TONUCO [)E WO RENGIEP JOU JORRID uopounisoo W suop Agms “(SB61. “2861)
JION shep 10m00 N3G 2300 Kmgbygens Puqoy pue uj se aweg JTRITGNNT]
oAl JJON PP AR SSAE | Sompeed
- Bumpop pue Sanpeeduy judque
so61) “ZH 0009 PUe 2 000V 10 SjanSL ShoNER JapUn ¥ JJON PUE NCE [P —
ZH 005 “Secuanbes Suswogoy syt ¥ Pege Spans Anary a3edeet0 Of PUE PO PUE NSEW 1O
sodoars IO .
pue amguibes e sty ySe PONCO BIOR] Z  SPge o1p sumuesp of Gunse) TIREDS » O _im
uosuyop IWE 58| amewopoy | wuoN WV penod Acweogey G2
Apmis SN0 2D SUOREPUCEINICOSH] pu Shape 3 samseep o adi) UONEAISSND 0 SUOEAIT) Sompoyy  fpres o edk)
P ]
SAIPeL)
o adly

C-34




2]
N
@)




saoos Agpgbyonn ey
uo peunoped Sem SOUBUEA 10 SISAmUS KEM o
ysem -9UD SRNSEOW Pegsedal y “LIONETILGRS JO) | @]
o ungem uesweceyd suoydooms of usAB 8q fousnbex 1pEe 205 PONA0 Biam st
PRIOYS UOKISNE FYaIED PUB SIBURS ¥-HJIS 83 ou pus ysewm Supeduco S8t UDES]
oﬁliﬁa-ﬁgai -swopnes eBegoo o) STREIRS
weguils S10m SESURIEP 06 “SEB o
adiyoeoad seay Yum yugee; S 0f pemdod XROXERCTy [ ]
SrRm0o  usys Sex008 Aspplmens yesds usew seglny “kppaBigens = rHdS P
e S 1584 O3 PORR] G #-HAS S O ETE Ry HIS S| PR R yoeeds oy Spom :-i.!:lehiili-ui-!h“hl-i..ﬁ AspcuBuony
O1 pasBduwod 9) DU i O anp sem Aanpbuorn o e -HIS S 0f pamdino toseds  peousyeq kgeamevouyd es0 A aOarows 1peeds pus y ypeeds pus
yoouds uemuilis Sus JEUR POPORUCO pumzepun of Aqe s spebep Aoy P 5008 PANCD ap SI__....l_ UOTBNUORY
“(ge61) SIS S] “SUEPUCO jeRssEedne  Of PUINO|SIN JSUW 0F-FIX $Y1 ZWOH 0008 PUR M0 “UORETUSHE _n__.o.e..x P - o UD Y5O
oznp UGSMIOG SOUNSIPP ) J0 SFOOJ S “00E9 ‘000 J0§ LOIIPUCO YSI SU J0f PUoy 10y Aupcupre oo ruseeeq = or-rx) Aprs
PUEUCSIBN  SUILNNEP Of SPEW S SISEA00 J0G PE ON sum yogenuene scoy Apueubic SOUDIE] P SpIoysent) suoy JROY xweyoyuxX Aomoge) L2
fpmis SRINURNO)) IIND OPOPUSEINCOS] Puse SOLEPLL § samseegy o odA] UDRBAISSTD) 10 SUORIPUOD) Sumpoty  Anmis o edd)
pusudnby




x SOy pue oY x Aeg) x sOulj ‘Samse s
poyeades s03 soueuRa o saskoue

g ~

spauen-mran Aem-oons; ‘om) TOR] o)

eemong DOKNET] C
“{Apms oup peyaghuno 91}
“sAep j0su00 G S Uy Seul esuodsas ” £ STy

Kaghnj pey SSaRS 1234 ¥ JIOM PUR ¥ JJON - 1 i

“Ppawxhisns asam skep § 10) SUEoEl SRSwEELY Y “shep o TN
"SSP EnSIA WRSe
S0URN pU JOUEANS BU 1T SUCNEIO] SPANRS 1113 2.0 NOB Ww%19 (D8 2)
— P SION {O221) LGE By AdON TEOSERTY

{9861) e
8es you weom SEpu SESHS R § IO PUS ¥ dJON {wondaasey
pue Sanoy “skep "SI “sOun SANEAS J0 UOEI0]  JNGWKER PayIKD W NGE puoede) TECDS L aon  Ensin) kps
WUGoH L mn0oa Lowoge] 82
Apmg NUSURLO?) FEIUY) SUOREPUSEREINOOL] PU STIPIS. Sansuopy 1o odi} UORRAISEO) JO SUORPUO?) Dmpoy)  dpmg o ek)
uewdinby
sapa
jo adky




:__u._.__iu_. “Bunpop samesid eameayd Butseam siop eniy TONENY]
- Npds-qol vl ummes oar SOOI
Pgxo  TMSFS “ s VAN DI  pooy yae
= T EE MNoqe sasod ysew seb
-{9861) ubmuen  Ouueam sy soussuopsed sawosdun sken G oy Guesy ~Awepcap 1 suompD nﬁl-_;..._“”ﬂl.ihl-humma__ iviim (kwsepreg
NS p spage FETEN U LSW0p OU Paanpasd Pooy pue JSEYY S0 ooy 1o Apsopcap po ws:mc0y) DI puz sano0 enueyy)
pue o amyors  Suueam syordusise yoees of s08ung Sae)  “wamarsap souestopad ‘o ug eI s o Jeqru Apmg
uosuyor o paped yeagullcs s3onpasd sonod Jegau $ng Cuueosy, ST oyduso of sun ) - 0¥ ¥ng Sopoge) 62
Apmig .n._eo” SUONEPUSURNCOY] pue SOUpE SANSVaY o 84 UOREAISSQ) JO SUORIPUOS; Oumpory  dpms o adk
Aususdnby

«

by

) 7
!
[




sysey 10§ enogh adkond wopy “paspms oq

o
ggghﬂ!ig o
“¥ S0P 18 i ansuaes Jpouad I -sousmsen &
=PRI -
pnoys fauvossed yenpeyy . sshgre “sensea pageedey  TOSXY
¥ SO Ut UeRg S3TSE} DONEAT
sy 6 10 £ pauvopad anolb adkoypud 2y o
ynm spalgns pue sworb ediomsd yes 440N Tepdsoy poddng
1 Ue SSe; SYSEL 6 10 £ Paunopad sonbees ©QUOD) 151y won SPlgns sun SESIRS
WSS ¥ SO W 33500 %Z S pue MMoB soug P e tswsey
adkioud tpes JJOPS 1t SSE unopad o sabv.oy -oum soopy 2 s A= [ ]
.z oc pambas sg eyl adlymoxd 1 320N ~J00pU "PUCKPUCO Ay “IBITINUEREY ol Bumwopad
10 IO Ui RNIOSP SOUSMLIOUES Z M0 ‘sprepuers siep 9 el UM
10U SI0P WILL] “SUCNPUN.S e J0} “JUN S0 FSUOWIPUCD & , SO SRADED MO
Y961 prouascahts JEEIETSqRS sem asay) “oasB ey Busn ey B.nu.ﬂ..__.l__..l. B -lllnum__ ‘vddon K Ammoe))
sy womsodcs ag ol adkowed ysm JION I PUe ¥ JION M SFEY ® 1o soueunoped e as E vad = “wasomn Lpmis
pue Gury  Joud paysyErse sem SIndNE] L auy a5eq ON = auopad o eqe asam speigns gy SIS o uogengeas L -‘auoy JIOF anbgey /Mowmoge] 0€
g SRSUALOT S SUCHEPUSURIIOONY] pue sBup samseepy Jo ok uoEEANSOQ) JO SUOREUOD Gumgor)  Apmis o edh
Avewdnby
SAPI]
padky




ouasus]) VAONY Jopej-om) TBISK] AO..
-uoy DURET] O
“SIEWN Z1 PUSSHEW dapm) SRS
smnoy us TSRERY
“(sapensy 10§ 3.5 €2-0.9 61
‘Sofew 10§ Du8702-0u2 02) Sapew uarg
abues angesadsey sapail © paoveuadxe
SEWej PUS SR E DT TT PUe
pouad rsee syt 1o SunasBoq &g 1 D861
5358 perdus (aquiesue sem exesadwe [OEM -JIRROGIAT]
U (NON WAEID I SUOISIIOUD ON SIS MO Guseam -sppuesue
€ 504 SUOKEAIP prepuers alsey dsem 5oy | soye pue 220§9q) MO Oureem sope sisat reopouisd aquaay  (speg 2
(c861) ‘pasoq wam spRIgNS “weynfis aran HNISUD 10 X0% SSAE saogebuey)y oped p eckarory RIS MOmexmy -Booupisd)
eedez pue WAAPP W (SIPIL) G O U0} SHEWI]  SEMSEAM eoUTuLOPad M- PO SgEIER “BvVd P ssoans N S ‘snpue Apms
uopweH  PUe e J0) Saunesacual | M MY e g0 Appgesas powsess 10 pe) SEETH MN0j U0 Sa00S 159 ooy JEOY mspbyy Aomnoge] I
Apmg SRSURNO?) LD SUCETPUINALIOO0L] pue sup sanseepy o odi} UOREAISSD) O SUOPUOD) Omgor)  Apms o edk)
resousdindcy




RIRI

M Spage weyy ﬁ.u.m.un....uc-ntm

!u...oln!onﬁzen__.ﬂnaa.

C-41




JiBE

ubssep
soueuea © ssipus samseow paeades
{suompuoy) SPeigns-URpm SI0e)
¥ Aq bas) speigns usamiaq JoPe) ~
Z© sem ulisep puaucede o) TSN ~r
O
sepmqedes pemdeased Lsosues pue 591 s o1 soud SUCRIPUCO
P A S — noj ey 10 1Pes W swerosd yges
g o sogne o) ~(%8-=q) samod aneey peosoerd pakons you3 DT
S‘M._.u—hd-onlni-ls_n.il! Sopew uaAss pus serewey i SOURIS
pue {2.01=10) seroil ou pue YT ou pue
SO0 MO PUE ST UOMMIS] FEERID elliigﬁlgmi-!_
preogulies © 1 poynsa) 1Sog SOUIORD RS
wengulls isea) y -Sunam swogoad “Se2 TSR
sacusenu aug 30 Pasaythuco swaqoxd )0 sequnu — Bunos

ou
UG STOUSIMEP OU Ssom w9y Duoam -Gse tmn-2) Suas
swaqoad )0 sequinu aug U U g pewdeco  suagoxd P SqUnU ¥ sn B_nu_-_ p g
usagaud (0 JSQUINU S UO SUORPUCS g pue paadwoo i =n =
MO 204 PIgS wew preogulies © SER 233§ swapgoud 10 saquIng -suoyN VIO







WhIS3P EISRLIS EIMVoL0S Ue Busn Euouyd s 20 ..B‘I.-au.n—.B !
Povarkucs aq oy Apngs e pusad oy pagsnipe b_.o!nﬂ._nm:_ --anslu“!g.u pumy ak3
133G SAPY DYICD SIPEUSA S4j S0P UG wep pore “Bom e & “UoIPRRSOS
peysap § “Apres s oy soud papepard uaaq £pog “oum vomE e S poguis yiq B
BAEY] PFI0O SSANS 1By MY JO SPIPE eyl o LS 7 SRR pue - ‘Bussoseas
_— 3 ssans oy g JooSwyszxZpuelxpue sabues R
sanxhexo € Sy dn-dod “samseaw ¢ ge) dusuenspens PouKEIco s5enS Jeay pue Snug (r)
R POt nIVSH ap wexpubs orom SansEaw ~ Ao ssars EBy (g)
Sy UmouY am 3% ¥ JJON W pasensdeoud sourmoged D Gumogoy s (2) Sy ogy] (1) Jao Brugy (2)
uaym SSAIS ey IO SPARR YL i L “owm vorpea Joon
"SSONS Jear| 204 204 NS 205y) .l :
“Sanseaut nreumibes asom soEUeA ouenuopad “aum uogoea2 shep 5o
Wapuddap SNOUEA 3t]) 10 SLORLFALIOD 2V “SIHGEUEA ye 0f poubsse asam & SRS WeNED Pesh Loum ¥ JJON (2)
U FLBFIP OF Iy USIG IEY oEssod SAN00S 1SI0M A SUOMPID oS qowas 'NOA {1}-53pnes 2 sof sapik:
pIom | "PIZAEUE 9G OF A0 10 SPAP SSaRS Jeoy pue Grsp paRguD T e yeaq x Bag EEIYPee 20y SnSEAL
o yuisad jou S20p ubrsap waum PUE SIS eIy H.A0f ISA WL O opho . Apog 1 poreades VAONY sorej-oan)l TOSS0
) ‘vomppe U UiSap SANSEIU g puE puz X pasdeod palans oy {t) ‘papuey-omy) shep § Jop Aepy
poeadas v Busn yAONY Aem-¢
s St ubesap 1 Pasn asom fpres ¥ dJON () Awoycap #ni (0 ‘syses e vo pauren splgns BOREEIT M.
Sutsop J0459 M 10 ‘PozifeUE 50m EFEP Semseaw anplgns (r, “tpapuses-2v0} 5S 8-¥ dJON ¥S 51—NCE SOAPES (&)
g “kuopap Aepmy 9 J0 FEI0% B YOS U2 |0 SUounadas
T e ety LT ey S
. “J0usay Spsml .
¥9H ON "SA 1V “¥ JJON SA NOA HU%09 ‘456
dusururspe sgesooe ss9 (Q) Aseyop, (1)
o s g = gt an SSupeas papal (2 ot £ W 256
Igggm!!nz =2 surepaiy () e Grug (2) U %RO0C "3.55 & e (1)
sseadde y -(aunseans auo ueLy asoul “UoKsIa “uoEIRI000 £p0g JoNPA “hapceCaon > 4O HH %08 *4.GF I SSAAS FEaH
Q0661  PEI YPRIS |0 HWOS "pIASY B1) SAMSLAS PUE Apasoeal Gmop mops—-Aseammns & ﬁo&w_@ pue Gnx) () HY %09 "3.56 I8 SSANS- eI
*e0661 Wwopuadap Signas LNsn SUCKPUO Samseas 2n0s uo eoyd pue lyoe - {e) xoc 1Y *1.02 1= BmQ ) 0 Y
'ge61)  rewewada swes Ay of pasodxa Sew “Sumoseas e 10 S gesaa (p) o) iy) ‘4,07 % o) (1) 1N TETNSRATY (ssans EaH
Aa oy 3 19e9 Spakins gy ¥ O (2) “dapsuensipem ag “ssdoasg (£) - o
oo - e “Aapcos Apoq ssosB (@) eodd @) =R érug
pue spalgns g1 yem g (1) “ous LoND23! papage (v) “hgrcve peresp, (1) pue inu pue SSeRS ey Gy “EAR0) ¥ P sooy3)
“wosuyop povoda ~62q (1) pesnagn GIONPEN0BPwsdu) DRIDE 0y Apmig
“PuUgE sam SapNTS ERduuadc speedas ong longnoa (£}  syses Bumogog ) suoN WOV  puenaa Aopoge) e
Ipmis SueEANO? IR SucgEpUSUREOaY puRe sOuP{ samseoyy o edk| UOHBAIS() JO SUDRPUO?) Oumpopy  Apmes o edky
Auowdinby
sagiewiy

10 odky




ssaupybn dnoi Jous ey ubsap spalgns
uvaamaq soueves o sishguve (oddns
ﬂluﬂvnﬁl-og.o._h i e
‘pepocddnsun apu pue
om) sapun syatisey dn-dod pepsasaxd .A\Qu
Apvopues Z¢ ye iy axped pansaoas O
9y ung “‘dnaiB Jous xybq © pey sy jun
“siobsel A yem spgbes agu oy ubse
o1 pows oG o g Te Saunbas Sysew b YA 6 10 SAS OB S E PR PO
apfueay SJeuaDp oueusopad e pes ‘shep Suawex nos 104 BIETEIT
paonpaxd “ysew sefi au Apeyonsed ‘¥ JIOM “SUCTXRUCD
1O I BIe U JEL POPAPUCD SIENT Y} Bunpop sanp Sy O Yoee Of paulsse ¥ ddON
“dnoub 10uS A 10 SSHDE S J0§ PUNCE SBM g ueg “Appqe dysueuspew ogu =
Sausap wednmlies o payroddnsun pasg U0 pADE SIAPPS apE 0F SIS “{usanres
sem § saym uey sbeqoues iq pagoddns -kep 153t e
{1661) sem ogu s uaym saRaq Agueonmbis .
N sex ch 0 o3 tx0S1-~ Q) #uo pue saexd 1o skep mo4 TSR] Nunn!-
{0661} peog Gunyby o 10 fLe 61— = Ya) N0 o FRRICEARTY n.l..
aanyd upe BRI ¥ dJON 0 5aod Agueogulies pasege sem dnasb " *
-neq) pue sem dasuewspem A 1B PAHCIPS Pys )by e aofqg Bl.l.u._.uml. ilﬂ!ﬂ:ﬂn“ nag) pey (dnys
“Awauont ssaspay vemmoy ‘Wodhs au gpue  SegeR R - puptisa Surngbey i
-on Sumgop 30§ PIgS wEw Eoguls B pageIpur o) pue “py siabaey Rt wosedeo) DRSS o) Apruss
uosuyof dagrewsypews dn-dod yabaey o synses sy 10 20Cuen 105 Suoy IOV ‘nog = Asoeogey SE
kpmig SISAIIOT) LI SUOREPUMNEIOONH PUT SBupul{ sanseopy o odi UONEAISSQO IO SUCEIPUOD Sumpor)  fApmes o edd)
Aowwdnby
SAROGIOI]
o adk)







59| PiNB NSEW CUAISEWR 10 SPORS ap IS
oy samseow wepusdep Sung sy jo Pee

“sysew eagoeoxd [y
205 330y ump pue pBuq i 204 pausogad <t
n-.ﬂninwmv!llohi o SYAONY WERdaS YAONY Snseow O
PO Soupte o) SRR pareadas ‘speiqns usamag TOE]
Egggvl " 1n skep om ).
Sondo san-pasp Sursa S0PEs 12y} S00ns “sregos ueas STRNS
sgsas ey] emseaw Aue 30 peegulies J0u SO .
ScaVAONVSEp AW SKEENCIN  ppSEEmEn o S "
‘Popocusemdn Y uap pue SIE EEKOTNOY KOy )leg “so pum olisey -
¥sEw oug J0g Aep o Poge aug o SISieue  ewsozucy WS MOuq ‘sre s ylly xfiog -uo-sun) fored) VAN ROy
"(861) uy -eoeyi Gungey asam saboens Sunpen 30y JEOES Ssam SYAQNY J0le appsqe  sous asenbs uoapy Buspen FEWOZUcY PUR XU
Aveyd sebueip Jay soEopu sy Rl eEenoe S 40 S EEROZBOY Dy wp OO RBP . e puse 04O - sopegwens Dunpren
i asam suogoeseps SAED X guduneay pu soe o ‘wyiy woq 20y eyl 04 posn axom mn-lu.-ll...!lniﬂm-a (Bunpes]
‘repad E33aas g “Apnes eyl 10 8SE00 B asam SYAONY 1020 IR Syl ‘SUOEPN00  “BuppRa ERICZI0Y o.iﬂl.o.anl.lmo oS ZVLIN msmg)
sodurelg a0 B 10U MP OUEKOIRA REMO I 1y wap S Pus Ko S aN0d 10§ BReogslies pueeogcs . en fpms
‘eqreg PP SAEp 10 suESRIts 10 YU 9y em SYAONY 1eie-upsm| oy S “S8I00S ML sucyy WY sapanny Aomogey /e
Apris SRRNOD) [EI8) SIOgEpUGICO0L] Pus SO SamsEoy o ek UONPAISIG0) 10 SUCIPUOT) Bumpory  Apms o edd)
Ausaushnb]
SAIDNOI]
podhy




“%se) 1Ped Jof pANduco o0
SYAONV-ubsap spsigns unsm “TIBEST <r
ddon ap Sunesado w Sunses ou O
25N00 Wwauxdnba meu syeom 7 TIRRE]

SapEs onow) SRS
UOPpUO)
PUCOaS Sug sof pouad 153) arrm
Spawasow peay uanbay spalogns -GC “Weasq SNUKE G1 “LSORMPUN0 BURNOD
AQ PHEPOURIIIOE ST SN JO PPE MOLEN 90 204 poved 159 aywums-cg THIERL]
“pansasqo sem paunopad sem v - TOSRATY
ST © MOY L LOREDIPOYY “XIE— O KT+
- 1101 mmu)
¥: wox PIGUES § JIOIN 01 SNP SENERO(] (andwo)
uasage. -aum jo pouad peogulbies B 5aa0 paseIsns sy Aue enopad 0y sun 0§ SSOUIINP inglhﬂugi.lv o))
pue 2q pIco aouewopad SLoRPLO Gongop wreoulies o “SUoRPUCS BURROR 15O oou pue ysgy  SIOTV RS 0A pucstedun) TOEIDE L gy sapmig
I3 Su) § SUIIINAP Of jAIN 00) SEM (S IO GUE]  SOPUN SHSE ge wuoped Of Syge Sam SRS wuopad oy sus) suoy JI30Y sangg Aomoge) gE
Apnig SRSURIO) JENUD) SuoREpUIRAROOSH] PuT sBupus sanseopy o 8dK UOIEANSGO 10 SUOEPUOD Sumgoty)  dpms o odd




C-49

wn TOER]
‘wN DIOERRTI
SIHOORq 610
Sysew ouesig & Sep iy e CoN
104 .4 €82 OF PIONPAS SEM PUE 9'Y FEM 20 puerc o 12 4a s ov & e sud)
w man 10 95 T UR LIS O] SUC.PUCO BEW Bux: )
-{c961) ) __B.au.._e.octa_!cz “Orsew-ou uag ues o pum e p uossedu) DTES ey apris
yewey -ubiisap asenbs uge') Sfadudd ©f PRy -ySEUI Of 21} SYSEW PaYs Urw REXUS maA-oPRy L ‘suoN T  supeskug AoeoQe| £
Apnig SWAUALIOD €U SUOAEPUILALICORY] PUB STUPU ) sanseagy o 8dd) UDIRAIEQ0 10 SUOWPLOD) Oungots,  ApTiS o eddj




7Y
L 1Sy Su ST PR] SR 104 JOLRO LOES PuUR ASBe 10§ SYACNY Swdes; TN
woxy wesepp Apueomuls 10U sem seaol =
e (Y0E PUS POOY PUR YW L N10E i1 foo 11 DORRDL A
“SAN JOPO Gl LB JSUOYS Ausogule “SRIN00 EOUBUSRIN @)
oM SOUN N(E PUS SOAJ IO H5 (13v) Dupsms) FENPYPLY PEIUBAPY
veys sopoys Ammogules ssem seust ¥ JJON umsBosd uoluximo) o sepenped
L popEpul 158 S0USH exdagy Ueun() Sem pus (o) speins || TOUPS
“Suogpuod Bungord S WSE QIS S IO “SEAG PUE QM) SIELE ooy g
TEqRU00 SADSENE-AD aonp Cuueam won jeenp Apuspubis sam mu 16 oY) ;
opym usopad oy Sunueey (s FIPUNOICO e paepuy 1591 sOuRt] sy weoung “SUCINE 155] PeyO%
Sem syse] M usoped of Suume] Sy ‘SysE A580 S 104 100" = d Wl snpsedos wesuo) JRRIKGEERT]
WS®) prey ouy pue ASPS I (0 J0§ SIBUT QIO SELT PUR SUOKIPUOD Y0 YS8E RISy 8 . wihes sy uobeig ¥ &dON
2000 sebueyd sousuLOped eI ‘SeAMOL 204 “SuoEPuCo BuROP YU NG WEdls -k _n.-. o o e sous
‘mop 91§ "pouucped sem paj sskeue Ssam SIEUL JByL PORIIPU VAONY Asmon] " somd ...l.___ ..I.:.L._ o ‘sessmd ~usOpe
{ro61) apoeds ey syepur of spey speigns Aq ey Aseo s 20) EENpulis oS SBM . 20} 150 Yoy Ave3 R NOE  OUSUSLENY
pRpEy  SYSE] AQ SUOMIPUOD J0) SUONERIOSEXI O )0 UOTDRSGN JSE] X UOPUSD & PUS Ledigulies " i-.- pus kse3 .g__. ‘pooy pud opsayy)
vogEmuopues o o uondiocep il VISP  SIGM SRS URRE Sea) I My pemoys b w50 Pes wous - WO g Apus
xoyhaso eyl 104 SPOKGNS 10 JOGUNU FEWS X O X UoRIPUOD) YAONY Aem¢ v ST agopduco of sus| woN DY 008 'NO8 Aowoge) o ‘
SIIBURLOY) FEINUD SUOEEPUSLICOS] PUR SOUP sanesep o adiy UDIRAISQ0) O SUORPUCD Sunpord dpms 1o odd) |
Ausuxinb3

o edd]










APPENDIX D

MAINTENANCE TASKS

(Montgomery, 1987)

D-1




APPENDIX D
MAINTENANCE TASKS
(Montgomery, 1987)

TASK 1

"Remove and Replace M60A3 Power Pack," was performed by four-person crews,
each of whom performed the task once in BDU and once in MOPP 4. Six of the crews
first performed Task 1 in BDU and four in MOPP 4, One of the six crews failed to
perform the task in MOPP 4 due to heat stress which left only nine crew comparisons., The
mean time for the six groups that first performed Task 1 in BDU was 141 minutes or an
average of 27 minutes less than the mean time, 168 minutes, for the four groups that first
performed Task 1 in MOPP 4 (see Table 2). Examination of the mean time for the second
trial indicates the same relationship, i.¢., the mean time for the four groups that performed
the task second in BDU was less (34 minutes average); for the second trial, the BDU mean
time was 73.2 minutes, compared to the MOPP 4 mean time of 107.2 minutes.

In all cases except one, each group performed the task faster on the second trial
regardless of whether BDU or MOPP 4 was worn on the first trial, It is not surprising to
find that the time decreased on the second trial since none of the crew members had
previous experience in perfurming the task with each other. Montgomery reported a
35 percent + 20 degradation due to MOPP 4.

Montgomery (1987) did not compute difference scores between the first and second
trials but the available raw data permitted the computation of such scores. We computed
difference scores and algebraic means for the BDU first trial group (N of 5) and the MOPP
4 first trial group (N of 4). Table D-1 presents the raw data, the means and the standard
deviations from Montgomery (1987) and also presents algebraic difference scores and
algebraic percentage changes that we computed. The mean difference between the first and
second trial for the group of teams which first performed Task 1 in BDU was 38.9 minutes
compared to the mean difference of 95.2 minutes when the first trial was performed in
MOPP 4. Next, percentage differences between the first and second trial were computed
and averaged (algebraically) for the BDU first group and the MOPP 4 first group.
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The MOPP 4 first group showed a 53 percent decrease in time to accomplish the task on the
second trial (in BDU) while the BDU first group showed only a 27 percent decrease in the
mean time to accomplish the task on the second trial (in MOPP 4).

Table D-1. Time (min) to Remove and Replace ME0A3 Power Pack
(Adapted from Montgomery, 1887)

Trial
Batile Dress Mission-Qriented
Uniform Protective Posture
(BDU) (MOPP 4) Ditterence Scores | Percent Change
8DV MOPP4 | BOU MOPP 4
Team 1 2 1 2 First First First First
1a* 116.5 -t - 128 +10.5 - +9
2a - 80 148 - - - 88 - ~ 48
da 230 - - 142 -88 - - 38
da - 78 271 - .- ~-185 - ~72
ba 188 - - 100 -85 - -85
1b 136.7 - - g1.8 -33.4 - - 28
26 | 100.6'** - - MD*** - - - -
3b - 80.8 1404 - - ~59.6 - ~-42
4b - 55.8 114.0 - - - 58.2 . ~-51
5b 89.9 - - 76.5 -13.4 - =15
Total | 738.1*** | 282.6 6873.4 §35.8 | -194.3 | -3808 -137 =211
X 147.2*** 73.2 1684 107.2 | —38.9 ~-05.2 -274 -52.8
sD 50.5*** 11.8 70.0 26.5 - - . .-
N 5 4 4 5 5 4 5 4

* awtrialsin April, 1984; b w trials in July 1985,
** Dash indicates opposite uniform group provided data for this trial.
*** Missing Data for sacond trial. First trial data not included In the analysls (did not recompute SD).

The analyses support the following conclusions:

(1) Regardless of dress, all groups perform the task better on the second triul (with
one exception),




(2) Performing in MOPP 4 increased the performance time as compared to BDU,
The best estimate of the magnitude of the increase is the mean percentage
difference between the MOPP 4 first group and the BDU first group--a
difference of 25.4 percent. Montgomery estimated a 35% =+ 20 degradation
based on regionalized statistics (1987).

1t cannot be determined from this task if repeated practice in MOPP 4 improves
performance since no group performed the task in MOPP 4 more than once.

TASK 2

"Remove and Replace M60A3 Transmission" was performed by two-person crews;
one member was experienced and the other was a student, Eight crews performed the task
once in BDU and once in MOPP 4, The two remaining crews performed the task three
times, One of these performed the task in the following order: first, MOPP 4; second,
BDU; third, MOPP 4; the order of task performance for the others was MOPP 4, BDU,
BDU.

Four crews first performed Task 2 in BDU; the mean time to perform the task was
125.7 minutes (see Table D-2), Six crews first performed Task 2, in MOPP 4; the mean
time to perform the task was 157.8 minutes, One of these teams performed the task only in
MOPP 4; their task performance time was 307 minutes--154 percent higher than the next
lowest time. If this time is excluded from the data base, the mean times for the first tries
are comparable across the two groups, i.e., 125.7 minutes for BDU first, and 120.7 for the
MOPP 4 first.

The effect of MOPP 4 is clearly seen when the second trial data are examined. The
mean time on the second tria) for the BDU "second group" was 73.5 minutes; the mean
time for the MOPP 4 "second group" was 125.9. It is clear from the means that those
teams dressed in BDU for the second trial all reduced the time required to complete the task
compared to the first trial, which was performed in MOPP 4. Only one of the four teams
dressed in MOPP 4 for the second trial reduced the time and three teams required increased
times. In order to quantify this effect we computed difference scores and percentage
change from the raw data. The raw data, the means, and the standard deviations from
Montgomery (1987) plus the algebraic difference scores and the percentage change scores
are presented in Table D-2. For the MOPP 4 first group, the mean difference score on the
second trial was —47.2 minutes, or a 36.1 percent reduction for the second trial in BDU.
The BDU first group mean showed little change, +0.2 minutes (+2.7 percent), in the time
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to complete the task on the second trial in MOPP 4. The percentage decrement associated
with MOPP 4 can be calculated from the percentage change scores to be 38.8 percent.
Montgomery (1987) calculated a 50 percent degradation resulting from MOPP 4 based on a
regionalized statistical approach. The same conclusions drawn from the results of Task 1

can be drawn from the findings of Task 2.

Table D-2. Time (min) to Remove and Replace MEOA3 Transmission
(adapted from Montgomery, 1987)
Trial
Battle Dress Mission-Oriented
Uniform Protective Posture
(BDU) (MOPP 4) Dlfference Scores | Percent Change
BOU | MOPP4!| BDU MOPP 4

Team | 1 2 3 1 2 | 3 | First | First First First
1a* 197 | -** = 173 - 24 - =12

2a 94 200 - 106% -53
s | 127 | - - 141 | -~ | +14 - +11 .
4a - €8.5 96 “ 73 - -27.6 .- -28
58 - | 87| - 139 - « | -42 ~30
1b - | MD*** 307 - - - - .
2b 87.4 - 104.5 +7.1 - +7.3 .
3b 59.6 | 46.8 | 102.0 . -42.4 ~ 41
4b 81.4 - 85.1 +3.7 +4.5

5b 48.6 66.7 - -18.1 - - 27
Total | 502.8] 387.7{ 46.8 |608.7***1 503.6|6.73 [ +0.8 | -238 +10.8 -18
X 126.7| 73.5 | 46,8 |120.7***| 1259 73 +0.2 | ~47.2 +2.7 ~38
sD 511 | 21.3 88.8*** | 38.0 - -
N 4 5 i Chbh 4 1 4 5 4 5

* awmtrials in April, 1984; b w trials in July 1985,
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TASK 3

"Remove and Replace M109 Howitzer Breechblock" was performed by two-person
crews; one member was experienced and the other was a student. The task was performed
from 4 to 8 times each by the 10 crews. Data are presented in Table D-3 (revised from
Montgomery, 1987). Most of the initial three trials were performed by crews wearing
MOPP 4 (25 out of 28 trials). Examination of the data for the first four trials for the MOPP
4 condition indicates that substantial learning is taking place. The mean time for the MOPP
4 condition for trial 1 was 29.8 minutes, for trial 2, 16,9 minutes, for trial 3, 13 minutes,
and for trial 4, 12.1 minutes, Examination of Table D-3 indicates that trial 4 provides the
best estimate of the deficit due to MOPP 4, For trial 4, six crews in BDU performed the
task with a mean time of 9.6 minutes; four crews performed the task in MOPP 4 with a
mean time of 12.1 minutes. This results in an average difference of 2.5 minutes or a 26
percent time decrement between BDU and MOPP 4. Using a regionalized statistical
approach, Montgomery (1987) found a 25 percent & 25 percent decrement.

The data for this task indicate that the teams were able to perform the task about as
well in MOPP 4 as in BDU, but the performance in MOPP 4 took about 26 percent longer.
Performance improved substantially with repeated practice in MOPP 4, but based on the
experimental design, the limited data set, and the lack of equal data sets for each trial for
BDU and MOPP 4, the increased efficiency of performing the task as a team and the
improvement due to adaptation to MOPP 4 cannot be determined. Some improvement in
performance continued between trials 5 and 8 for both the BD J and the MOPP 4 condition.

TASK 4

"Recovery of M60A3 Tank" was performed by four-person crews. The task was
performed from 3 to 6 times (9 of 10 crews performed at least 4 trials); the data from
Montgomery (1987) are reproduced in Table D-4,

Seven of 10 crews pertormed the first try in BDU while eight, ten and seven of the
crews performed trials 2, 3, and 4 respectively in MOPP 4. It is clear that performance
improved with practice, but the experimental design and the lack of data for BDU after the
first trial make meaningful comparison between BDU and MOPP 4 impossible to compute.
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Table D-3. Time (min) to Remove and Replace M109 Breechblock
(from Montgomery, 1987)

Trials o
1 2 3 4 5 6 7 8
Team Battle Dress Uniform (BDU)
1a* .t - - 9 - . - 6 ®
2a 18 - - - - - - 7 :
3a .- - . 0 ] -
4a . s . 13
Ba .- . .- 10 o an 10 -
1b **no . - . 0 ‘
2b . . 8
3b - 15.0 - -
4b - - - 8.8 12,0
8b 20.1 .;
Total 38 15 ] §7.5 2 o 10 13
R 184 - - 9.6 10.5 - - 6.5
sD - .. e 1.8 . - - e
N 2 1 0 6 2 0 1 2 . .
Migsion Oriented Protective Posture (MOPP 4) ®
ia* 17 20 12,8 - 10 10 75
2a - 18,6 14 12 11 0 8
%a 30 ] 1 .- - 9 10 9
4a 34 20 18 - @
5a 25 16 14 - 18 11
1b - 21 14.9 10.1
2b 35 18.1 123
3b - - 11.8 15.5 10.1 °
4b 38 8.4 9.1 - -
5b - 14.9 12,0 10.8 8.4
Total 179 151.9 129.6 48.4 57.5 37 15.8 9
X 20.8 16.9 13 12.1 11.5 9.8 5.2
sD 7.7 6.3 2.4 2.4 a.7 1.0 - - o
N 8 ] 10 4 5 4 3 1

X =Average

SD = Standard Deviation

N =« Numbaer of Casen

Dash indicates crew wore other uniform @
*‘no =nodata




Table D-4. Time (min) to Recover M60A3 Tank
(from Montgomery, 1987)

® Trials
1 2 3 4 5 6
Team
Battle Dress Unitorm (BDU)
@ 1a* , 23.3 v -
2a 424 - -
3a 281 - -
4a 13.6 - -
5a - - - 11,9
® 1b 25.6 28.4 - - -
2h - - - - 8.0 5.4
3b 18,7 - -
4b - - - 8.5 8.3
o 5b 19.1 12,5 - -
Total 168.8 309 0 214 16.3 5.4
R 241 15.4 - - - .-
sD 9.5 4.2 - - - -
N 7 2 0 2 2 1
o Mission-Oriented Protective Posture (MOPP 4)
1a* - 18.8 13
2a - 38.2 20 31
3a - 17.0 18 13.8
e 4a - 14 15 14,9
5a 37 19 19.7
- 1b - - 12.8 10.8 13
2b 16.4 171 101 11.8 .-
ab - 16.2 13.0 12
o 4b 15.5 12.3 8 .- -
5b . - 7.9 7.5 7.8
Total 68.9 152.4 143.5 101.4 20.8 0
X 23 18.1 14,4 14.5 . .-
) sD 12.2 8.1 6.2 7.6 -
N 3 8 10 7 . 0
X =Average
SD = Standard Daviation
PY N = Number of Cases
. Dash indicates crew wora other uniform
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TASK 5§

"Repair of M60 Machine Gun" was performed by one soldier; 12 subjects
performed between 8 and 13 trials. A total of 36 trials were conducted in BDU while 60
trials were conducted in MOPP 4. Thirteen of the 36 trials performed in BDU were
conducted during the first two trials, Table D-5 provides the data (reproduced from
Montgomery, 1987) for this task.

The mean time to repair the M60 machine gun for trial 1 was smaller for MOPP 4
(11.9, N of 4) than for BDU (14.3, N of 7). For the second trial, however, the meun for
BDU is smaller, 7.7 (N = 6) than MOPP 4, 10.1 (N = 5), The performance improvement
for BDU vs, MOPP 4 from trial 1 to trial 2 was substantially greater, 14.3 to 7.7
(46 percent change) to 11.9 to 10.1 (15 percent change). Comparison between the two
groups is difficult for later trials due to the lack of data for BDU, There is very little
performance improvement for the BDU condition from the second through the fifth trials
for MOPP 4, but a comparison of the weighted average of these trials 11.5 (N = 30) to the
weighted average of the sixth through the ninth trials, 8.8 (N = 22) shows a 23 percent
improvement. A weighted average for the first three trials for BDU and MOPP 4 indicates
no difference in performance (BDU X = 10.7, N = 16; MOPP 4 X = 10.6, N = 17),

TASK 6

"Repair of M901 Traverse Mechanism” was performed by one soldier. Ten
subjects performed at least 4 trials, 4 performed 5 trials, and 1 subject performed 6 trials.
The data in Table D-6 are reproduced from Montgomery (1987).

For Task 6, the mean repair times were computed for trials 1-4 without regard to
clothing type. The results are shown in Figure D-1.

As can be seen by the results in Figure D-1, the mean repair times showed a
monotonic decrease from trials 1-4 regardless of clothing type. For trials 2 and 3, all
subjects were dressed in MOPP 4; for trials 1 and 4, half of the subjects were dressed in
BDU and half in MOPP 4. The dress type for all subjects was changed from Trial 1 for
Trial 4.
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Table D-5. Time (min) Required to Repair M60 Machine Gun When In BDU
or in MOPP 4 (from Montgomery, 1987)

® Trials
] i ]2 [ 8 |4 [s [ 6 |7 [ 8 [e [10]n [12]13
Team Batle Dress Uniform (BDU)
) 1a 16 7 -
. 2a 17 6 - - . - 8§ 6
3a - . - . - - 6.4 5 | 58 | 58 5 -
4a B4 | 81 | 48 5 . - - - - 3 3z - 39
‘ 5a - - - . - “ - 5 43 | 43 | a3
} 1b 220 | . [104 ]| - . - - - v | e
f. 26 - 24 - . - - 50 | 44
3b 8.8 5.1 - - - 48
: 4b - " - - 48 | 42
' 5b 165 | 158 | - -
8b 198 | - 9.2
) Total | 1001 | 482 | 242 | 50 | 48 | 88 5 | 122 | 100 | 108 [ 133 | 03 | 64
,. % 143 | 77 | et | 50 | 48 | 44 | 50 | 81 50 | 49 | 45 | 48 | a2
.‘ ) 86 | 40 | 34 - - 03 - 0.1 “« |1 13 | 05 | o1
1 N 7 ) a 1 1 2 1 2 2 4 3 2 2
Mission-Oriented Protestive Posture (MOPP 4)
. 1a° . - 20 I 2 BT 8 4
, 20 - - 12 ® 17 19 - - 18 | 118
3 2 | 112 | 143 | o2 | 104 | 70 | 88 - . 9.0 - -
4a “ - - - 8 ] Y ] 6.7 - - 5.8
5a 14 7  |108 |74 |88 | 719 1 5
1b - LX) -~ | 134 | 100 | 80 | 188 | 118 | 74 -
® 2b 139 | - 83 | 134 | 178 | 119 | 184 | 85 - - 53
3b - - 106 | 220 | 6.8 -
ah 108 | 78 | 112 | 147 ]| -
5b - - 104 | 118 | 137
6b « | 154 -
) Total 47 | 505 } 828 |111.1 | eo.9 [ 608 | 810 | 383 |321 | 208 | 53 | B8
% 119 | 101 | 104 | 128 [ 111 | 87 | 103 [ 7272 | 80 | 104 [ 53 | 58
sD 24 | 84 | 24 | ae | 48 |21 |80 | 38 |35 | 20 . -
N ‘ 5 ] ] ) 7 [} 5 4 2 1 1
L”:ﬂpapot ~24 | 24 | 29 | 78 | 83 | 43 | 53 | 16 | 3.0 | 55 | o8 | 12
L
gl =17 | st | 28 [tso |13t | es {108 [ 2 |60 {112 | 18 | 28
X = Average
sD = Standard Deviation
® N = Number of Cases
Note: A dash indicates that data for this try were obtained by the crew attired in the alternate uniform.
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Table D-6. Time (min) Required to Repair M301 Traverse Mechanism
When In BDU or in MOPP 4 (from Montgomery, 1987)

Trials ®
1 2 3 4 5 6
Team
Battle Dress Uniform (BDU)
1a 21 - - -
2a - - - (37) 29 ®
8a 25 - - - - 12
4a - - - 16
5a - - »e 13
b 775 - - - 255 ®
20 - - as 21.8
3b 5§74 e . - o
4b - - - 18.4
[ 52.6 we ae au
Total 233.2 - - 106.3 54,5 12 9o
R 46.8 - - 21.3 273 -
$D 23.8 .- ) 3.7 -
N ] 0 0 4 2 i
Misslon-Orlented Protective Posture (MOPP 4) ®
1a - 24 §0 26
2a 80 58 a2 - .
3a - 48 31 29 21 -
da 40 k] 20 -
5a 78 44 31 - - ®
10 - 86.0 38,5 37.7
2b 03.5 40.2 455 - -
3b - 65.6 43.7 46.6 30.5
4b 48.0 33,5 26.0 -
5b - 42.4 (96.4) 308 A d
Total 3375 482.7 326.7 168.8 51.5 -
R 67.5 48.3 28.3 338 25.8 -
SD 23.2 17.86 8.4 8.5 -
N 5 10 ] 5 2 - )
X = Average
SD = Standard Deviation
N = Number of Casas

Note: A dash indicates that data for this iry were obtained by the crew attired in the alternate
uniform (BDU versus MOPP 4),

() = Values in parentheses are interpolated from row and column means. @
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(N = 40)

Figure D-1. Time (min) by Trials to Repair M801 Traverse Mechanism
Without Regard to Clothing Type

Figure D-2 clearly indicates the effect of wearing MOPP 4. For the first trial, the
BDU first group (N = 5) required a mean of 46,6 minutes to complete the repair, while the
MOPP 4 first group required 67.5 seconds (a difference of 20,9 minutes or a decrement of
31 percent for the MOPP 4 first group). For trial 4 with the clothing conditions changed
for both groups, the BDU first group (MOPP 4 condition) required 33.8 minutes while the
MOPP 4 first group (BDU condition) required only 21.3 minutes (a difference of
12.5 minutes or decrement of 37.3 percent for the MOPP 4 condition). A comparison of
the means for trial 2 and triul 3, during which subjects were in MOPP 4 (trial 2 X = 46.3,
N = 10, trial 3 X = 36,3, N = 9) indicates a 22 percent improvement in performance, This
improvement is a combination of learning to accomplish the task and learning to accomplish
the task in MOPP 4. Unfortunately the results of these two effects are confounded.

Using regionalized statistics, Montgomery (1987) found a 50 percent £ 30 percent
decrement for the MOPP 4 condition,
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Figure D-2, Comparison of BDU and MOPP 4 for Trials 1 and 4

TASK 7

"Repair of FADAC Printed Circuit Board" was performed by one soldier; a total 5
subjects performed the task both in BDU and MOPP 4, All subjects petformed at least 6
trials; of those a total of 5 trials were performed in BDU and 24 trials were performed in
MOPP 4. The data in Table D-7 are reproduced from Montgomery (1987).

The performance improvement between the second and the sixth trial for MOPP 4
was substantial. The mean time for trial 2 was 32 min (N = S) and for trial 6 the mean time
was 22 min (N = 5), an improvement of 31 percent. The lack of data for the BDU
condition prevents meaningful comparisons.




Table D-7. Time (min) Required to Repair FADAC Printed Circult Board
When In BDU or In MOPP 4 (from Montgomery, 1987)

®
Trials
1 2 3 4 5 6 7 8 9 10
Team
Battle Dress Uniform (BDU)
{) 1a (21) - - 20 - - -
i 2a 35 - - - - - 1 - - 6
3a as e . 23 . -
4a 20 - . - - - 21
] 5a - . - 7 - . 8.9 17 . -
i_. Mean 32 (28) 20 16 (14) | (14) 18 17 - 6
Deviation | 4.2 - - 13 - - 7.2 - - -
‘ N 2 0 1 2 0 0 3 1 0 1
o Mission-Oriented Protective Posture (MOPP 4)
‘ 1a - 36 - 28 19 21
2a - 20 22 19 16 23 12 11 -
3a 55 €8 34 - 25 29
4a - 19 20 22 24 22.8 -
@ 5a 823 | 19 |.24 - 23 15 - - 14 12
' Mean 44 32 25 23 21 22 (16) 12 12 12
Deviation 181 | 21.2 6.2 4.8 3.8 5.0 - .- 21 .
N 2 5 4 8 5 5 0 1 2 1
o X MOPP 4 12 6 5 8 7 - -
Less XBDU 8 8 s 8
Srangeds | a7 | 23 | 25 | s3 | s0 | &7 |28 |28 | - | 100
® Note: Dash indicates that data for this try were obtained by the crew attired in the alternate

uniform (BDU versus MOPP 4),
() = Valuas in parentheses are Interpolated.




