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Effects of Pyridostigmine Bromide on
In-Flight Aircrew Performance
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The effects of a chemical defense pretreatment drug, pyridostigmine bromide (PB),
on in-flight aircrew performance were assessed using the Total In-Flight Simulator
(TIFS) aircraft. TIFS was used to supply appropriate control dynamics, handling
characteristics, and cockpit instrumentation for a tactical transport airdrop sim-
ulation. Twenty-one C-130 pilots flew two familiarization and four data flights.
During two data flights PB was given to both members of the aircrew using the
dosage regimen of 30 mg/8 h prescribed by the U.S. Air Force surgeon general. The
drug was administered using a double-blind technique. The results indicated that
(1) aircrews successfully completed their assigned mission, (2) airdrop inaccura-
cies and navigation errors in time and distance were not specifically related to PB,
(3) performance and crew coordination were not affected by PB, (4) PB and pilot/
copilot order significantly affected copilot tasks, and (5) subjects and observers did

not discriminate beyond chance between PB and placebo conditions.

INTRODUCTION

Chemical warfare nerve agents are power-
ful drugs that interfere dramatically with
normal bodily functions. Small amounts of
nerve agent absorbed through the skin and
lungs can incapacitate or kill. To counteract
these effects, pretreatment drugs are admin-
istered to aircrews before expected exposure
to nerve agents. These drugs are intended not
only to provide a measure of protection from
the effects of nerve agents but also to alter the
functioning of the brain and body, albeit to a

! Requests for reprints should be sent to Valerie J.
Gawron, Calspan Advanced Technology Center, P.O. Box
400, Buffalo, NY 14225,

lesser degree than is the case with nerve
agents. Ideally a pretreatment drug would
have no adverse effect, but the nature of the
agent and drugs involved makes this ideal un-
attainable. The benefit of the pretreatment
drugs must be weighed against the cost asso-
ciated with undesirable side effects. To date
the pretreatment drug with the greatest
nerve agent protection and fewest side effects
is pyridostigmine bromide (PB). The purpose
of this study was to identify the effect of PB
on in-flight aircrew performance.

The Neurochemistry of PB

During the conduction of action potentials
in the nervous system, electrical activity is
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commonly passed from one neuron to an-
other via release of a chemical transmitter
substance across the synapse. In the pregan-
glionic synapses of the sympathetic and para-
sympathetic nervous systems and in the post-
ganglionic synapses of the parasympathetic
nervous system and the sweat glands, the
transmitter substance is acetylcholine (ACh),
which is released from the presynaptic mem-
branes of the neuron. If a sufficient amount of
ACh is released into the synapse, a large
enough population of postsynaptic receptors
at the next neuron may be activated to prop-
agate the electrical impulse. Propagation
may be to other neurons or to some target
tissue. Accumulation of ACh in the synapse is
prevented by its rapid destruction by the en-
zyme acetylcholinesterase (AChE), which is
present in the synaptic membrane. In the ab-
sence of AChE, concentrations of ACh would
remain high, thus causing the neuron to be
electrically “short circuited” and making
useful signal processing impossible.

Classically, nerve agents represent some
form of organophosphate that inhibits AChE.
Treatment of organophosphate toxicity con-
sists of administration of atropine and sub-
stances such as pralidoxime (PAM). Atropine
inhibits the postsynaptic ACh receptors,
thereby ameliorating the effect of increases in
free ACh associated with inhibition of AChE.
PAM is capable of breaking down the or-
ganophosphate AChE complex—hence the
reaction of AChE. Thus the treatment for
exposure to nerve agents consists of phar-
macologically minimizing the effects of in-
creases in ACh at the synapse and reactivat-
ing the inhibited AChE.

PB reversibly binds to and inhibits AChE
(Grob and Johns, 1958), reduces but does not
eliminate AChE activity (Stitcher, Harris,
Heyl, and Alter, 1978), and prevents the AChE
enzyme from being inhibited by organophos-
phate molecules such as nerve agents. The
peak plasma concentration of PB occurs be-
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tween 1.7 and 3.2 h after ingesting the drug
(Aquilonius, Eckernas, Hartvig, Lindstrom,
and Osterman, 1980; Gall, 1981; Melander,
1978). The effectiveness of PB as a pretreat-
ment to Soman exposure is documented in
Dirnhuber and Green (1978); French, Wether-
all, and White (1979); Lipp and Dola (1980);
and Stitcher et al. (1978). In addition, an ex-
cellent review of PB was written by Whinnery
(1985b) for the aeromedical specialist.

Time Course of PB

Aquilonius et al. (1980) gave five healthy
male subjects oral doses of 120 mg PB with
100 ml of water. Blood samples were col-
lected from the subjects immediately before
they ingested the drug and 0.5, 1.0, 1.5, 2.0,
3.0,4.0,5.0, and 6.0 h afterward. The subjects
had fasted overnight and were not allowed
food for 3.0 h after ingesting the drug. The
average period for peak plasma concentra-
tion was 1.7 h after administration of the
drug. Melander (1978), using the same proce-
dure as Aquilonius et al. (1980) but without
the fasting requirement, reported peak con-
centrations 3.2 h after drug ingestion. Gall
(1981) found peak concentrations after a sin-
gle 30-mg dose at 3.0-4.0 h. After two days of
30-mg doses given every 8.0 h, the peak con-
centration was at 2.5 h.

History of Use

The main users of PB are patients with my-
asthenia gravis. PB has been used in the treat-
ment of this affliction for more than 20 years
(Somani, Roberts, and Wilson, 1972). Myas-
thenia gravis is associated with a reduction in
postsynaptic ACh receptor activity. Because
PB inhibits the destruction of ACh by AChE, it
permits freer transmission of nerve impulses
across the synapse. This action provides ther-
apeutic value to myasthenia gravis patients.
The average oral dose for the treatment of
myasthenia gravis is 600 mg/day (Physician’s
Desk Reference, 1990). PB is also routinely
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used after surgery to reverse neuromuscular
blockade (Williams, 1984). For this use PB is
given intravenously in doses of 10-20 mg.
These injections are equivalent to an oral
dose of 600 mg (Williams, 1984). PB can be
given alone (as in the Williams study) or in
combination with atropine and glycopyrrate
(Mirakhur, Briggs, Clarke, Dundee, and
Johnston, 1981).

Performance Effects

Graham and Cook (1984) examined the ef-
fects of PB on performance of a multitude of
tasks in a controlled laboratory environment.
The drug dosage, simulating operational us-
age, was 30 mg three times per day for five
consecutive days. Graham and Cook reported
performance decrements associated with PB
in single-task performance of a vigilance task
and in dual-task performance of a memory
search task with visual tracking. They also
found performance enhancements: depth per-
ception accuracy was improved by approxi-
mately 3 mm, hand steadiness was increased,
and visual contrast sensitivity improved at 3
cycles per degree (c/d). It is noteworthy that
for other spatial frequency grids (0.5 through
22.8 c/d) no differences in performance oc-
curred. In a similar study by Kay and Morri-
son (1985), subjects performed a visual con-
trast task 1.50-2.23 h after ingesting a 60-mg
tablet of PB. The authors found no perfor-
mance enhancement even at 3 c¢/d. Finally,
Borland, Brenna, Nicholson, and Smith
(1985) found no effect of 30-mg doses of PB on
contrast sensitivity; however, the frequencies
they evaluated did not include 3 c/d.

In the Borland et al. (1985) study, four
young men performed several tasks after in-
gesting 30 mg of PB, which was given at 8-hr
intervals for three days. The authors reported
two performance enhancements associated
with PB: (1) mean critical flicker fusion was
raised and (2) fewer responses were missed on
a dynamic visual acuity test. Acuity did not
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differ from the placebo condition, however.
Borland et al. found no effects on perfor-
mance of digit symbol substitution or symbol
copying tasks and no changes in pupil diam-
eter, macular threshold, or kinetic quantita-
tive perimetry. As in the Graham and Cook
(1984) study, visual tracking performance
was degraded. Of interest, however, is that
the Borland et al. subjects rated their perfor-
mance with PB as better than that with the
placebo.

Schiflett, Stranges, Slater, and Jackson
(1987) examined the effects of PB in combi-
nation with mild hypoxia. Their subjects un-
derwent a series of tests that measured sen-
sory, motor, and cognitive functioning at
ground level and at simulated altitudes of
8000 and 13 000 ft. PB was administered
orally in a double-blind crossover study (i.e.,
neither the subjects nor the experimenters
knew whether the tablet was PB or placebo)
at a dosage of 30 mg every 8 h, for a total of
four doses (120 mg). PB did not appear to sig-
nificantly alter performance or systemati-
cally interact with moderate decreases in
barometric pressure.

Flight operations conducted by the Texas
Air National Guard used aircrew members
(in the rear seat of F-4C aircraft) under the
influence of PB (Whinnery, 1985a). The 18
volunteer participants reported minimal
symptoms with no compromise of mission ef-
fectiveness. However, safety considerations
excluded front-seat pilot participation, thus
reducing the generality of the findings. In ad-
dition, operational training considerations
precluded experimental control over the
flight profiles and type of mission scenario.

Physiological Effects

In addition to potential effects on perfor-
mance, the following physiological manifes-
tations have been encountered in the pres-
ence of PB.

Respiratory symptoms such as broncho-
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constriction, increased bronchial secretions,
and coughing have occurred. In the gastroin-
testinal tract cramps, diarrhea, and even in-
voluntary defecation have been reported. In
the cardiovascular system stimulation of
muscarinic cholinergic receptors produced
bradycardia and hypotension (Long and
Marsh, 1981; their subjects were female sur-
gical patients who had been injected with 143
mcg of PB per kg body weight). In addition,
stimulation of nicotinic cholinergic receptors
(in ganglia) produced tachycardia and an el-
evation of arterial blood pressure. Increased
cholinergic activity has resulted in increased
glandular activity (i.e., increased sweating,
salivation, and lacrimation). In the eye, mio-
sis and blurring of the vision have occurred.
Stimulation of nicotinic cholinergic receptors
in the muscles has produced muscular fascic-
ulation, cramps, and weakness.

In contrast, Gall (1981) reported that a
drug regimen of 30 mg of PB three times a
day was tolerated well in a large population
of normal individuals; only a few subjects
displayed side effects of the drug, and those
effects were minor gastrointestinal problems
and a slight slowing of heart rate (about five
beats per minute). Using the same dosage reg-
imen, Graham and Cook (1984) found no ad-
verse health effects in 24 male subjects.

All of the foregoing effects are possible se-
quelae of AChE inhibition, but the primary
clinical concerns about low doses of PB in
flight are related to respiratory and gastroin-
testinal problems. Because of bronchocon-
striction and increased lung secretory activ-
ity, PB may cause decreased ventilation and/
or reduction in arterial hemoglobin satu-
ration. A second potential physiological con-
sequence of PB treatment is gastrointestinal
problems associated with trapped gases dur-
ing decreased barometric pressure.

Although severe untoward physiological re-
actions to PB are not anticipated, its interac-
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tive effects on humans exposed to high alti-
tudes are not clearly understood. Krutz,
Burton, Holden, Fischer, and DeCarlis (1987)
found no significant differences in pulmonary
functioning before drug and placebo admin-
istration, 2.5 h after drug administration, and
at the conclusion of exposure to 3000 ft and
13 000 ft and rapid decompression from 8000
ft to 22 000 ft. Statistically significant
changes in other measured parameters, such
as heart rate and oxygen breathing rate, did
occur during altitude exposure, but they were
of the same magnitude for both drug and pla-
cebo conditions. Krutz et al. concluded that
PB in the doses (30 mg) used in the study does
not appear to alter the normal physiological
changes associated with moderate decreases
in barometric pressure.

Review

PB at the dosage recommended by the Air
Force surgeon general (30 mg/8 h) has not re-
sulted in any side effects—in either physiol-
ogy or performance—significant enough to
prevent the broad military use of the drug as
pretreatment when exposure to a neural
agent is anticipated. However, no previous
drug trial included actual in-flight physiolog-
ical and performance data collected in a sys-
tematic manner from pilots under controlled
flight conditions. Therefore, the concern we
addressed was whether an aircrew member
flying a mission under the influence of PB ex-
periences physiological side effects severe
enough to interfere with flying performance.

METHOD
Subjects

The subjects volunteering for this study
were 21 U.S. Air Force left-seat-qualified C-
130 pilots drawn from active duty squadrons
in the Military Airlift Command. All had
passed an Air Force flight medical examina-
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tion within the previous 12 months. The sub-
jects' total flight experience ranged from
1200 to 6200 h (mean = 2989 h). All were
males aged 25 to 44 years (mean = 32.86
years). Throughout the investigation subjects
always flew in fixed pairs, trading positions
between the left and right pilot seats. This
pairing was intended to decrease the variabil-
ity in performance associated with changing
crew composition. Because of scheduling
problems, one subject participated twice in
the experiment: once under the full protocol,
as Subject 7; and once without drug, placebo,
or electrodes, as Subject 12.

Apparatus

The USAF Flight Dynamics Laboratory To-
tal In-Flight Simulator (TIFS) was used in
this study. The TIFS (Figure 1) is a research
aircraft developed by Calspan Corp., Buffalo,
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New York, for use in flight testing advanced
flight control technology, avionics, and cock-
pit instrumentation. The basic aircraft is a
C-131B (Convair 340) which has been refitted
with turboprop engines. The TIFS has direct-
lift flaps, side-force surfaces, and a variable
stability system. These features allow a dy-
namic simulation with six degrees of freedom
in flight and replication of the flying charac-
teristics of other flight vehicles. TIFS has two
cockpits: a normal C-131 cockpit occupied by
two safety pilots and a simulation cockpit oc-
cupied by two subjects.

TIFS safety cockpit. TIFS is always under
the command of the safety pilots even when
flown by the subjects in the simulation cock-
pit. The controls in the safety cockpit are me-
chanically connected to the aircraft’s control
surfaces and always indicate the motion of
each surface. A single button in the safety
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Figure 1. Line drawing of TIFS indicating the location of the simulation and safety cockpits, medical station,

and computers.
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cockpit disengages the variable stability sys-
tem and leaves the safety pilots with direct
mechanical control of the aircraft. In addi-
tion, automatic monitor circuits have been
programmed to prevent extreme signal in-
puts to the control surfaces from the simula-
tor cockpit and to prevent inadvertently ex-
ceeding aircraft structural limits.

TIFS simulation cockpit. For this experi-
ment the simulation cockpit was modified to
resemble a C-130 tactical transport aircraft
(Figure 2). In addition, tactical transport air-
craft handling qualities similar to the C-130
were generated by the variable stability sys-
tem.

On-board medical stations. Two medical
stations were provided onboard TIFS: the

HUMAN FACTORS

first in the forward portion of the cargo area,
and the second behind the pilot seat in the
simulator cockpit. Medical emergency kits
were provided at both medical stations. Each
kit was a standard first-aid kit augmented
with atropine, bicarbonate of soda, blood-
pressure monitoring equipment, and an
Ambu bag. A Life Pack 5 portable defibrilla-
tor was stored in the cargo area.

Tasks

To ensure that the in-flight effects of PB
were investigated for the full spectrum of hu-
man skills, the Unified Tri-Service Cognitive
Performance Assessment Battery (UTC-PAB;
Perez, Masline, Ramsey, and Urban, 1987)
was used as a guide in developing the tasks

Figure 2. Wide-angle view of TIFS simulation cockpit with the simulated station-keeping equipment above the
glareshield, fully operational displays at each pilot station, and throttles in the center console.
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for this experiment. The UTC-PAB was devel-
oped especially for evaluating the effects of
drugs on performance. The flight tasks were
created to match the sensory, motor, and cog-
nitive resource demands of the UTC-PAB
tasks closely, but with validity in an opera-
tional environment (see Gawron, Knotts, and
Schiflett, 1989).

Aircrew coordination tasks. The following
four tasks required coordination between the
pilot and copilot.

(1) Responding to an engine fire: A simu-
lated engine fire occurred during the drop
zone egress segment (the segment of the mis-
sion that starts immediately after the air
drop is complete and usually includes a re-
turn to base) of one of the four data flights.
The data flight was randomly selected. The
fire was scheduled to begin at a randomly se-
lected time between 2 and 20 min after the
beginning of egress.

(2) Completing checklists: Nine checklists
were scheduled to be completed during each
flight: before flight, after takeoff, 20 min, 10
min, slowdown, 1 min, drop, descent, and be-
fore landing.

(3) Detecting an oil pressure change: A
change (3 deg of arc per minute with a max-
imum excursion of 20 deg of arc) in oil pres-
sure gauge reading in one of the four engines
occurred during the drop zone ingress seg-
ment of the mission (the segment that starts
immediately after the climb out and contin-
ues until the approach to the drop zone). The
change was initiated at a randomly selected
time from 1 to 36 min after the beginning of
the ingress to the drop zone. If the change was
not detected, the error remained throughout
the balance of the flight.

(4) Detecting a heading discrepancy: An in-
cipient heading-angle error (6 deg/min) was
introduced into both the pilot’s and copilot’s
horizontal situation indicators (HSI) during
the egress segment of the data flights. This
error could result in a maximum 15-deg dis-
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crepancy heading angle between the HSI and
the radio magnetic indicator. The error began
at a randomly selected time between 1 and 10
min after the start of the segment. The error
was corrected automatically if not detected
before the beginning of the next segment, the
instrument landing system (ILS) approach.

Pilot tasks. The simulation pilot had sole
responsibility for the performance of two
tasks: controlling the aircraft and station
keeping.

(1) Controlling the aircraft: After takeoff,
the simulation pilot took control of the air-
craft. Altitude, airspeed, vertical velocity,
bank angle, yoke and throttle movements,
and flap settings were recorded every 2/100 s
during every segment of the mission. Local-
izer and glide slope error were recorded dur-
ing the ILS approach and landing segment.
Altitude, airspeed, vertical velocity, and bank
angle were converted to deviations from the
assigned profile, expressed as the Morris
(1985) error score: error score = standard de-
viation + [(measured value — assigned
value)/window value?] (see Table 1). The win-
dow value reflected the acceptable tolerance
in performance; for example, plus or minus
50 ft. This error score has been found to be
reflective of how pilots actually fly aircraft—
that is, to within a window rather than to a
specific number. Finally, two modified Mor-
ris scores were derived from performance
during the ILS approach and landing: the
variance in yoke and throttle movements dur-
ing the ILS approach and landing segment
(atmospheric turbulence was constant across
all flights) and a subjective rating (acceptable
or unacceptable) of landing performance.

(2) Station keeping: The station-keeping
task simulated formation flying and required
pursuit tracking of a fictitious lead aircraft.
The pilot was instructed to maintain 2000 ft
between TIFS and the simulated lead aircraft
using simulated station-keeping equipment.
The radarlike display presented a set of 2000-

Downloaded from hfs.sagepub.com at PENNSYLVANIA STATE UNIV on September 16, 2016


http://hfs.sagepub.com/

86—February 1990

TABLE 1

Aircraft Control Variables

HUMAN FACTORS

Measured Assigned Window
Segment Value Unit Value Value
Climb Airspeed KIAS 190 10
Bank angle degrees 0 5
Vertical velocity fom 1000 150
Ingress Airspeed KIAS 210 10
Altitude ft AGL 1000 100
Bank angle deg 0 5
Drop Airspeed KIAS 130 10
Altitude ft AGL 1100 100
Bank angle deg 0 5
Egress Airspeed KIAS 210 10
Altitude ft AGL 1000 100
Bank angle deg 0 5
Approach Airspeed KIAS 190 10
Bank angle deg 0 5
Glide slope deg 0 0.25
Localizer deg 0 1.25
Vertical velocity fpm 1000 150

KIAS = knots indicated airspeed; fpm = feet per minute; AGL = above ground level.

ft range rings, with the TIFS in the center of
the round display. The pilot’s task was to
maintain the 2000-ft range. The fore/aft
movement of the lead aircraft was created by
a forcing function derived by summing three
sine waves to drive relative airspeed of the
lead aircraft (airspeed variance was about 10
knots). The station-keeping task was per-
formed continuously by the simulation pilot
during the segments from climb through
egress.

Copilot tasks. In contrast to the simulator
pilot’s continuous control tasks, the simula-
tor copilot was assigned discrete response
tasks. The simulator pilot was told not to aid
his copilot in performing aerial navigation,
authentication, or changes of radio frequen-
cies. All subjects complied with this request.

(1) Aerial navigation: The copilot was re-
sponsible for aerial navigation during all seg-
ments of the mission. His job was aided by a
computer flight plan generated by a qualified
Air Force C-130 Reserve navigator before
each flight. The plan allowed for predicted

events and identified the estimated time of
arrival at waypoints (the location and time at
which the aircraft is scheduled to make a
turn).

(2) Authentication: The copilot received a
command to authenticate (e.g., “Authenticate
Bravo Zulu”; an oral procedure for identify-
ing friendly aircraft) from a safety pilot dur-
ing the ingress segment of the familiarization
and data flights, just after the slowdown
(start of the drop segment). The copilot
scanned his authentication code book to find
the page with the appropriate date and time.
When the copilot found the appropriate page,
he read back to the safety pilot the two letters
(e.g., "Tango Sierra”) under the column head-
ing of the first letter in the command (e.g.,
“Bravo”) and in the row heading of the sec-
ond letter in the command (e.g., “Zulu’’).

(3) Changing radio frequencies: During pre-
flight planning the simulator aircrews were
given a list of six radio frequencies identified
as TACA, B, C, D, E, and F. The frequencies
were randomly selected but with three con-

Downloaded from hfs.sagepub.com at PENNSYLVANIA STATE UNIV on September 16, 2016


http://hfs.sagepub.com/

PYRIDOSTIGMINE BROMIDE

straints: first, each frequency occurred at
least twice but never more than three times
across all data flights; second, all six frequen-
cies within a set were unique; and third, “spe-
cial use” frequencies (e.g., 120.5, 121.5, 121.9,
122.6, and 123.9) were not used. The copilot
switched from one to another of the six fre-
quencies in response to radio calls from a
simulated formation-lead aircraft (for exam-
ple, “Go to TAC A”). These calls were initi-
ated by a safety pilot.

(4) Returning from an empty channel: Dur-
ing one of the frequency changes there was no
contact on the new frequency. Hence the sim-
ulator copilot had to return to the previous
frequency, ask for a new frequency, enter it
into the radio controls, and make contact. If
the simulator copilot failed to change back to
the original frequency within 5 min, a safety
pilot would tell the simulator copilot to go to
the new frequency.

(5) Responding to an IFF query: Once dur-
ing ingress and once during egress, a safety
pilot gave an Identify Friend or Foe (IFF)
query (“Squawk one, two, three, four, and
IDENT"). The simulator copilot then moved
the four IFF thumbwheels to the settings
given in the IFF request and pressed the
IDENT pushbutton.

(6) Airdropping heavy equipment: Immedi-
ately before the simulated airdrop, the simu-
lator copilot monitored two voice channels:
the ground personnel (represented by a safety
pilot) and the loadmaster (represented by the
onboard experimenter). Unless the copilot
heard a “No drop” signal from either chan-
nel, he pressed the “chute release” pushbut-
ton in the center console of the simulation
cockpit and moved the jump-signal toggle on
the right bulkhead to the “go’ position. The
latter action caused the green drop status
light to illuminate. A no-drop signal required
only that the copilot move his hand away
from the chute release button. The simulated
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airdrops occurred in two of four data flights
for each aircrew.

Procedure

On Saturday subjects reported to the Kelly
AFB medical clinic at 7:00 a.m. for PB screen-
ing. At 8:00 a.m. on Monday morning the
pairs of subjects reported to Kelly Base Op-
erations for preflight planning. This briefing
was followed by a 2-h familiarization flight,
which provided each subject with 1 h of train-
ing in each crew position. On each of the next
four days subjects attended a preflight brief-
ing and flew one data flight.

Data flights. All data flights were under vi-
sual flight rule conditions. Pilots were
dressed in the standard U.S. Air Force flight
suit. There were 44 data flights, each lasting
75 min, yielding 5 h of flight time per crew.

Routes. Four routes were used: two in a
northerly direction (over hilly terrain) and
two in a southerly direction (over flat grass-
land). The four routes were of comparable dif-
ficulty. The order of routes was counterbal-
anced across subjects. This counterbalancing
was compromised on three occasions when
weather (e.g., low ceilings or thunderstorms)
required changing routes.

Drug administration. As soon as the subjects
reported to base operations, both subjects in
a pair were given a 30-mg tablet of PB or both
were given a placebo. Ingestion of the tablet
was scheduled for 1.5 h before takeoff to en-
sure that the PB level for the majority of sub-
jects peaked during the simulated drop
(scheduled for 45 min into the flight). PB and
placebo were given in a double-blind proce-
dure: neither the subject nor the experi-
menter nor the TIFS crew knew whether the
dose was drug or placebo. The placebo was a
tablet stamped and colored to match the PB
tablets. The presence or absence of the drug
was counterbalanced across simulator crew
members with one constraint: the drug was
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given on alternate days to ensure direct com-
parison of drug effects, should any of the
flights be canceled because of weather.

Immediately after the crew members in-
gested the tablets, they were briefed on the
aircraft status, weather conditions, and as-
signed time for the simulated drop. After the
flight subjects were asked to provide a brief
list of items accomplished during the flight
and to document any mechanical or proce-
dural problems associated with the TIFS air-
craft or mission scenario. Upon completion of
their last data flight, the aircrew members
were asked not to discuss the study with any-
one until it was over, reminded of the side
effects of the PB, and instructed to inform
their own flight surgeon should they exhibit
any of these symptoms.

RESULTS
Responding to an Engine Fire

A between-subjects analysis was used be-
cause only one engine fire occurred over the
four data flights. The analysis was a one-way
MANOVA with PB as the factor. The depen-
dent variables were the reaction times (RTs)
of the condition lever and fire handle move-
ments. The correctness of condition-lever
movement, accuracy of fire handle and con-
dition lever specifications, and precision of
the movements were not included in the anal-
ysis because no errors occurred for these mea-
sures. Because of data recording failures,
data were available for only 6 of the 11 sim-
ulated fires that occurred. For these 6, the
drug effect was not significant (F < 1).

Completing Checklists

A three-way MANOVA was calculated from
deviation of checklist starting times, number
of items missed, and time required to com-
plete the checklists. The number wrong was
not used as a dependent variable because
none of the checklist items was performed in-
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correctly in any of the 44 data flights. The
independent variables were the crew order
{pilot first or copilot first), drug (placebo or
PB), and completion of specified checklists
(preflight, after takeoff, 20 min, 10 min, slow-
down, 1 min, drop, descent, and before land-
ing). Neither crew order nor drug effect was
significant, Order, F(3,18) = 1.28, p = 0.3124;
Drug, F(3,18) = 148, p = 0.2531. There were,
however, significant main effects of checklist
on time deviation, F(8,13) = 9.67, p < 0.001,
the number missed, F(8,13) = 991, p < 0.001,
and time required to complete, F(8,13) =
3429, p < 0.001. The means of these three
dependent variables for each of the nine
checklists are given in Figure 3. Note that
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Figure 3. Means by checklist for the three dependent
variables for the checklist task (time deviation, num-
ber missed, and time required to complete).
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negative values for time deviation in minutes
indicate that the checklist was started before
the assigned time. Time deviations were
greatest for the slowdown and descent check-
lists, which also took the longest to complete.
The most missed items occurred for the drop
checklist.

Finally, there was a significant Drug X
Checklist interaction for time to complete,
F(8,13) = 8.66, p < 0.001. Specifically, time
to complete was longer under PB than pla-
cebo for seven of the nine checklists. The rel-
evant means are given in Figure 4. A conser-
vative, post hoc mean comparison Tukey's
test was calculated using the procedures in
Kirk (1968) for the checklist completion
times. The largest mean difference (4.3472
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Figure 4. Means by drug condition and checklist for
time (min) to complete each checklist.
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min) between the PB and placebo conditions
for the slowdown checklist did not reach the
required significance level of 4.87 for p =
0.05.

Detecting an Oil Pressure Change

A two-way MANOVA was calculated with
crew order and drug as the factors. The de-
pendent variables were the time required to
detect the change and the position of the sub-
ject detecting the change. There were no sig-
nificant effects, Order, F(2,19) = 1.08, p =
0.3587; Drug, F < 1. Note that the number of
missed detections and the accuracy of the
malfunction description were not included in
the analysis because no detection failures oc-
curred for the oil pressure change and the en-
gine was always specified correctly.

Detecting a Heading Discrepancy

A two-way MANOVA was computed in
which the independent variables were crew
order and drug. The dependent variables
were the time required to detect the discrep-
ancy and the crew position (duty assignment
and physical location—left or right seat) of
the detector. The number of misses was not
included in the analysis because no detection
failures occurred in any of the flights. Neither
crew order nor drug effect was significant,
Order, F < 1; Drug, F(2,19) = 142, p =
0.2669.

Controlling the Aircraft

Three analyses were performed to evaluate
how well the simulation pilot controlled the
aircraft. First, a two-way MANOVA was cal-
culated for airspeed and bank angle over all
five segments of the mission (climb, ingiess,
drop, egress, and approach). The three factors
were crew order, drug, and segment. Because
of extremely large values, log transforma-
tions were calculated on both airspeed and
bank angle before the MANOVA was per-
formed. A significant segment effect was
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found; overall, F(8,13) = 39941, p < 0.001;
Airspeed, F(4,17) = 70.58, p < 0.001; Bank
Angle, F(4,17) = 633.57, p < 0.001. The rele-
vant log error means are given in Figure 5, in
which it can be seen that airspeed error was
largest during egress and approach and that
bank angle error was largest during ingress
and egress.

Second, a three-way ANOVA was computed
for vertical velocity error. Again, because of
the large values, log transforms were calcu-
lated before the data were analyzed. The
three factors were crew order, drug, and seg-
ment (climb and approach). There were no
reliable order or drug effects, Order, F < 1;
Drug, F(1,20) = 151, p = 0.2340. The seg-
ment effect was significant, F(1,20) = 6.06, p
< 0.03. Specifically, the mean log error score
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Figure 5. Mean log error score for airspeed and bank
angle by flight segment.
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outside the window was greater during climb
(6.9906) than during approach (6.6855).

Third, a three-way ANOVA was calculated
for the log of altitude during ingress, drop,
and egress. The independent variables were
crew order, drug, and segment. There was a
significant segment effect, F(2,19) = 183.10,p
< 0.001. The mean log error value during
egress (7.1318) was larger than that during
ingress (6.4150). As expected, the altitude er-
ror during the drop was the smallest of the
three segments (5.1648).

Station Keeping

A three-way ANOVA was calculated from
the accumulated mean airspeed deviations
greater or less than 5 knots between the air-
speed of the simulated lead aircraft and the
actual TIFS airspeed. The three independent
variables were crew order, drug, and seg-
ment. There was a significant effect of seg-
ment only, F(1,20) = 16.53, p < 0.001. The
mean error score during egress was greater
(112.0577) than during ingress (89.9144),
though the egress segment was half as long in
duration as the ingress segment.

Aerial Navigation

A three-way MANOVA was calculated from
the errors in arrival time at each waypoint
and errors in distance from each waypoint.
The independent variables were crew order,
drug, and waypoint (A, B, C, D, E, F, or G).
The order effect was not significant, F(2,19)
= 1.10, p = 0.3534, but the drug effect was
significant, F(2,19) = 3.60, p < 0.05. In the
placebo condition, the time error (0.1576)
was less but the distance error (0.6834) was
greater than in the PB condition (—0.2085
and 0.4546, respectively). There was also a
significant effect of waypoint; overall, F(12,9)
= 7.90, p < 0.01; time, F(6,15) = 8.11,p <
0.001; Distance, F(6,15) = 6.25, p < 0.01. The
relevant means are presented in Figure 6.
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Figure 6. Mean error score for time and distance by
Waypoints A through G.

In addition, there was a significant Drug X
Waypoint interaction; overall, F(12,9) =
30.56, p < 0.001; Time, F(6,15) = 13.11,p <
0.001; Distance, F(6,15) = 26.80, p < 0.001.
The relevant means are given in Figure 7.
Negative values indicate early arrival times.
A mean comparison Tukey's test was calcu-
lated on the error scores for time and dis-
tance. A significant difference was found only
for arrival time errors at Waypoint G be-
tween PB and placebo conditions.

Authentication

A two-way MANOVA was calculated to as-
sess the effects of crew order and drug on
time to find the authentication response and
task accuracy. There were no significant ef-
fects, Fs < 1.

Changing Radio Frequencies

A three-way MANOVA was used to evaluate
the effects of crew order, drug, and segment
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Figure 7. Mean error score by waypoint (A through
G) and drug condition (placebo or PB) for time and
distance error scores.

(ingress, drop, egress) on task time and accu-
racy. There was a significant effect of order
on task time, F(1,20) = 5.53, p < 0.03. Task
time in minutes was shorter when the subject
flew the copilot position first (0.1636) rather
than the pilot position first (0.2224).

Returning from an Empty Channel

A two-way MANOVA was used to assess
performance of this task. The dependent vari-
ables were the time required to switch to the
empty channel, time to switch back to the
original channel, accuracy of the original
channel frequency, time to switch to the good
channel, and accuracy of the good channel
frequency. The independent variables were
crew order and drug. There were no signifi-
cant effects for either independent variable,
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Order, F < 1; Drug, F(5,16) = 1.14, p
0.3799.

Responding to an IFF Query

A three-way MANOVA was calculated us-
ing task time and task accuracy as the depen-
dent measures. The independent variables
were crew order, drug, and segment (ingress,
egress). There were no significant effects, Or-
der, F < 1; Drug, F(2,19) = 1.11, p = 0.3490;
Segment, F < 1.

Airdropping Heavy Equipment

A two-way MANOVA was calculated from
four variables: (1) drop error: the wind-
corrected circular error (in yards) from the
drop zone, as estimated by the safety pilots;
(2) drop time error: the drop zone arrival
time error (in minutes); (3) the jump signal
measured by percentage correct; and (4)
chute accuracy: the chute release measured
by percentage correct. This analysis was per-
formed only on data taken during the 22 data
flights in which a drop was to occur. The two
independent variables were crew order and
drug. The order effect was not significant, F <
1. However, the drug effect was significant;
Chute, F(1,20) = 1543, p < 0.001; Time,

TABLE 2

Summary of Performance Effects

HUMAN FACTORS

F(1,20) = 30.19, p < 0.001; Drop error,
F(1,20) = 6.83, p < 0.02. Specifically, chute
accuracy (0.667%) and drop error (527.61 m)
were higher and drop time error (—0.042
min} was lower in the placebo condition than
in the PB condition (0.429%, 249.63 m, and
0.753 min, respectively).

Drug State Guesses

After each flight both the subjects and the
safety pilots guessed whether the subjects
had taken the drug or placebo. Neither
group’s guesses were better than chance
probability (safety pilots, 49% correct; sub-
jects, 52% correct).

DISCUSSION

The performance effects of all the indepen-
dent variables manipulated in this study are
summarized in Table 2. There were not many
significant effects beyond those expected for
checklist, segment, and waypoint.

Drug Effects

There were two main drug effects and two
interactive ones. The main effects occurred
on the performance of two flight tasks: aerial
navigation and airdropping heavy equip-

Task Drug Order Other

Responding to engine fire No N/A N/A

Completing checklists No No Checklist
Checklist by drug

Detecting oil pressure No No N/A

Detecting heading No No N/A

Controlling the aircraft No No Segment

Station keeping No No Segment

Aerial navigation Yes No Waypoint
Waypoint by drug

Authentication No No N/A

Changing radio frequencies No Yes N/A

Empty channel No No N/A

Responding to an IFF query No No Segment

Airdropping heavy equipment Yes No N/A
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ment. For the aerial navigation task waypoint
time error was less but the distance error was
greater in the placebo condition than in the
PB condition. Examination of this effect of
waypoint indicated that in the PB condition
time error decreased almost consistently to
the drop (time error at Waypoint C was
greater than that at Waypoint D) and then
increased during egress. In the placebo con-
dition, however, the changes in time error
were more erratic. Further, in the PB condi-
tion subjects tended to arrive at a waypoint
earlier than scheduled. Just the opposite oc-
curred in the placebo condition. These arrival
time errors, however, were significantly dif-
ferent only for Waypoint G.

The drug effect on airdropping heavy
equipment was also complex. Specifically,
chute accuracy and drop distance error were
higher and drop time error was lower in the
placebo condition than in the PB condition.
This drug effect supports both the time and
distance error effects reported for aerial nav-
igation—specifically, lower time error and
greater distance error occurred in the placebo
condition. The interaction of checklist and
drug also points to the importance of time in
defining the effect of PB. Specifically, the
time to complete was longer for seven of the
nine checklists for the PB condition.

Order Effects

The main effect of order was significant for
changing radio frequencies. Subjects who
flew as copilots first did better than those
who flew as pilots first. This result is proba-
bly attributable to a novelty effect—that is,
the pilot was able to observe the copilot per-
forming the task before performing the task
himself and hence knew that the performance
criteria for the task were not stringent.

CONCLUSIONS

PB, in the dosage and regimen used for this
flight test, provides a safe operational pre-
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treatment for tactical transport aircrews fly-
ing a simulated airdrop mission under a
chemical warfare threat. Aircrews success-
fully completed their assigned mission. Air-
drop inaccuracies and navigation errors in
time and distance were not consistently re-
lated to PB. Overall, pilot flight performance
and crew coordination were not degraded by
PB. Subjects and observers did not discrimi-
nate beyond chance between PB and placebo
conditions.
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