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IN-FLIGHT PHYSIOLOGICAL MONITORING OF STUDENT PILOTS

L. Introduction.

On an average day in the United States about
two light airplane accidents occur because of the
inattention, negligence, forgetfulness, ignorance,
meptitude, or stupidity (natural or pharmacolo-
gical) of the pilot.! These accidents cause the
deaths of an average of about two people per
day. In a sense, all of these accidents can be
attributed to training deficiencies. Either the
pilot did not absorb enough of his training, he
was not presented with sufficient training, he
forgot his training, or he failed to reinforce his
training through practice. The identification
of such individuals early in their flying careers
is a desirable goal.

Most studies carried out on student pilots have
emphasized their performance characteristics
either in flight or in a laboratory. Such studies
have yielded a great amount of information
about learning and how various factors affect it.
However, as Smode, Hall and Meyer* have
pointed out, “Research on retention, as presently
conceived, has reached an impasse. The same
conclusions continue to be generated with very
little additional substance added.” Horowitz
has dealt with anxiety as a deterrent to learn-
ing®* and has analyzed private pilot training in
terms of curriculum and instructor effectivenesst.
He differentiates fear and anxiety on the basis
that fear is a short term response to an identifi-
able threat whereas anxiety is a slowly building
diffuse response. Horowitz concludes that anx-
iety adversely affects perception, cognitive func-
tioning and motor responses and arises primarily
in a student pilot from his uncertainties in a
strange environment and his ego involvement
about how well he is performing.

Flight is assumed to be a stress to one degree
or another in the physiological sense. While
stress itself has never been adequately defined
in objective terms, certain physiological conse-
quences of “flight stress” are recognized. Pre-
dominant among these ‘are increased heart rate,
decreased skin resistance, increased pulmouary

ventilation, sweating, increased muscular tension,
and elevated blood pressure. All of these func-
tions are either sympathetically mediated or
sympathetically affected and conform to the
concept of “fight or flight.” Thus, “stress of
flight” might be thought of as the sum of all of
the fear and anxiety-producing experiences that
one undergoes in flight. Flight stress is thought
to be lessened by other factors; for example, fear
and anxiety are reduced by experience and fa-
tigue by physical conditioning.

Risk and responsibility apparently play a
role in the amount of stress imposed on a pilot
as judged from heart rate. Roman’s studies on
pilots in a two-place F-104B aircraft clearly
showed that a change from passenger to pilot
duties was accompanied by a consistent increase
in heart rate’. The increase was greater in pro-
portion to the demands of the mission. In an-
other stndy of Navy carrier pilots, Roman,
Older and Jones® found that heart rates of ex-
perienced combat pilots flying A4’s on missions
over Scuth Vietnam showed peak heart rates at
launch and recovery with the lowest values oc-
curring during actual bombing runs. Other
studies by Roman® have shown that the slot man
of the USAF Thunderbirds had a heart rate
higher than the average of the rest of the team
(170 bpm vs. 139 bpm). High heart rates of
pilots of the X-15 vehicle and the M-2 lifting
body (170 and 188 bpm, respectively), as com-
pared with pilots flying high-performance air-
craft, are quoted by Roman®.

It appears that there is a sizable and growing
body of literature relative to the physiological
responses of pilots operating machines so sophis-
ticated that they are referred to as “vehicles”
or “weapons systems” instead of airplanes. Not
much is known, on the other hand, about the
responses of the citizen, who may be near or at
middle age and more out <f than in “condition.”
Such men, however, together with their younger
and oider colleagues of both sexes, make up that
vast number of people who take up flying each
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subject was then fitted with stainless steel plate
electrodes placed laterally across the lower chest
for detection of the ECG; adhesive snap type
electrodes were placed at the outer canthi for
the recording of the electro-oculogram. A snap
electrode at the nape of the neck served as an
indifferent lead. ECG jelly was used with all
electrodes. The electrode leads were cabled to-
gether and brought out the neck of the subject’s
shirt. The common 5-pin connector on the sub-
ject’s cable was plugged into a socket in a small
components box containing 2 Taber 2020-S
condenser-coupled preamplifiers, the outputs of
which were connected via separate coaxial cables
to FM Channels 1 and 2 of a Lockheed Model
411-C 4-channel tape recorder. Two small boom
microphones, one each for the student and in-
structor, were commoned to one microphone
amplifier, the output of which was connected to
direct-record channel 3 of the tape recorder.
The voice amplifier and the two 2029-S ampli-
fiers were battery powered; on-off switches were
mounted on the boxes.

The small components boxes were placed in
the pockets on the backs of the seats in the air-
plane and the tape recorder was secured with
straps to the ring bolis in the luggage area di-
rectly back of the seats.

Records were taken on 1 inch tape at a speed
of 83, ips, which yielded a recording time of 1.3
hours per reel. Each Ni-Cd battery for the tape
recorder had a discharge time of about 3 hours.

Tapee were played back in the laboratory on
the same machine. The ECG output channel
was fitted with a T-connector and one side of
the T was fed to a cardiotachometer; the pulse
from the cardiotachometer was used to trigger
a oount-printer. The count-printer was con-
trolled by a synchronous motor, notched wheels,
and microswitches so that the accumulated count
was printed, the counter reset, and the paper
advanced each minute. Thus, the continuously
recorded ECG was reduced to a list of 1-minute
heart rate values. The other side of the T was
connected directly to one channel of a Sanborn
350 recorder for noise and artifact evaluation.

The EOG channel from the tape recorder was
Jed to the other channel of the Sanborn vecorder,
directly. The EOG record was made with a
ocondenser-coupled amplifier; thus, the display
did not reveal the duration of a glance as a d.c.

recording would have. The a.c. recording was
deemed preferable in order to avoid the drift
inherent in d.c. systems that could not be bal-
anced out in dight. The EOG record was, thus,
a series of bi-phasic blips of variable amplitude,
depending on the extent of the glance. These
blips were visually counted for determination of
frequency of lateral eye movements.

When the tapes were played back the records
were marked according to the on-going maneuver
or other activity as determined from the voice
record, thus each flight was broken down into
a series of events such as “start,” “taxi,” “runup,”
“take-off,” “cruise,” “pattern entry,” “downwind,”
“base leg,” ‘final approach,” “touch down,” “take-
off,” “stalls,” etc. It was also noted when the stu-
dent was in control and when the instructor was
in control.

After the ECG and EOG recordings were re-
duced, the tapes were replayed and the total
number of words spoken by the student and
instructor were counted. The assumption was
that the total vocal interchange was related to
the quantity of instruction given to each student.

Numerical data were entered on IBM cards so
that computer listings could be obtained by
flight number, subject number, event (landing,
stall, etc.), student or instructor control, local
or cross-country flying and dual or solo flying.

IIL. Results.

A. Heart Rate

Solo vs. dual flight. Figure 1 shows a com-
parison of heart rate averages on solo, dual, and
check flights for the eight students who com-
pleted the syllabus. In only one case was the
average heart rate greater on dual than on solo
flights. The one subject resronding in that
fashion is a person quite sensitive to criticism
or correction; he also required the greatest num-
ber of hours to complete the syllabus. He seemed
to regard the instructor as a critic or a judge
rather than as a teacher. All other students
appeared to draw some comfort from the in-
structor’s presence. The check flight proved to
be the most exciting event in the syllabus. With
one exception, average heart rates were greater
on the check flights than on any other flight.
The one exception, Subject #4, was more appre-
hensive about solo flight than about anything
else. She never did a full stall while solo.
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Freure 1. Arithmetical means of heart rates for each student on solo, dual, and check flights (bar graphs). Differ-
ences between group means (inset line graph) are all significant at least at the 5% level, with the means of
dual and check flights differing at the 19 level of significance.

Preliminary events vs. initiation of Right.
One statement frequently heard is that students
are apprehensive prior to flight but settle down
once in the ai:. The data were examined to see
if this observation was reflected in the subjects’
heart rates immediately berore flight and at ini-
tiation of flight. The resuits are shown in Figure
2. With the exception of Subject #2, the ini-
tiation of solo flight was accompanied by an
increase in heart rate ranging from 1 bpm to
17 bpm. On the other hand, with the exception
of Subject #8, take-off was accompanied by a
decrease in heart rate on dual flights, ranging

from 1 bpm to 22 bpm. On the check flight, six
subjects showed increases in heart rate when
flight was initiated while two subjects showed
decreases. Resting heart rates taken in the lab-
oratory prior to the flights were lower than heart
rates during preliminaries with the exception of
Subject #1 whose “resting” heart rate was higher
by 3 bpm than it was during runup on her check
flight.

Anticipation is best revealed in the pattern of
resting heart rete; six of the eight subjects ex-
hibited higher resting heart rates prior to their
check flights than prior to solo or dual flights.
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FIGURE 2. Arithmetical means of heart rates for each student in the resting state, during ground activities just
preliminary to flight, and during takeoff and climb out (events) for solo, dual and check flights (conditions).

The group means for heart rate in the different conditions are significantly different (P<0.01).
among events and conditions is significant (P<0.01).

Subject #5 had resting heart rates that were
equal prior to dual and check flights and both
were lower than his resting heart rate prior to
solo flight. This subject exhibited great appre-
hension about dealings with the tower though
he had high enthusiasm for flight per se. Sub-
ject 38 prior to dual and check flights had rest-
ing heart rates that were virtually equal (74
and 76 bpm) but a higher resting rate before
solo flights (82 bpm). This subject was not an
apt student and did not practice when on solo
flights.

Entire Syllabus. Heart rates over the entire
syllabus (Fig. 3) correspond to the two predomi-
nant goals in flight training, ie., solo flight as
the first goal and passing the check flight as the
second. Heart rates at the start of training
were at a low level near the resting rate and
increased over the first twelve flights; a plateau
was maintained until the end of the syllabus
when there was another increase in heart rate.

Interaction

Local vs. Cross-Country Flying. From the
standpoint of heart rate, cros: country flying
did not differ significantly or consistently from
local flying. Solo cross country flying gave rise
to higher heart rates than did dual cross country
flying, but the same can be said for local flying.
Judged by heart rate, cross country flying would
be a greater stress than local flying only because
of the greater duration of the flights.

Flight Maneuvers. Table IT shows mean heart
rates for the group on those maneuvers com-
monly held to be the most stressful.

First Solo. Mean heart rates on first solo
ranged from 106 bpm to 141 bpm with a group
mean of 120 bpm. At no time during the first
solo flight did the heart rate of any of the stu-
dents fall below 100 bpm.

Stalls. Insufficient data were available for
conclusions about stalls on solo flights. When
the student was in control on dual flights mean
heart rates ranged from 96 to 143 bpm with a







Tasix II. Heart Rates During Various Events.

Growp

Maneuver Mean—Ppm

1st Solo 120 (108-141)

Stalls 110 ( 96-143)
(Student)

Stalls 96 ( 89-108)
(Instructor)

Stalls 126 (100-158)
(Check)

Short Fleld 112 ( 96-137)
Takeoffs

Short Fleld 120 ( 99-161)
Landings

Table III shows the event and condition (solo,
dual, or check) during which the maximum and
minimum heart rate during the svllabus occurred.
Tive subjects had maximum heart rates on short
field landings, others on ordinary landings and
one during stalls. Three of the maximums oc-
curred on the check flight, 3 on duals, and 2 on
solos. All of the minimum heart rates were re-
corded on dual flights and all during fairly mild
maneuvers; it is not known how low the simu-
lated emergency was carried nor into what kind
of Zeld.

Tamux 111 Maximum and Minimum Heart Rates For Each Subject By Event.

Subdject Mazimum Event Min. Event
1 158 Solo— 88 Dual Simulated
Short Fleld Landings Emergency
2 174 Dual— 108 Dual Stalls
Short Field Touch & Go with Hood On
3 140 Solo— 86 Takeoff-dual
Short Fleld Landing
4 pbal Dual— "8 Dual, Turns
Short Fleld Landing
5 114 Check Flight— 51 Dual, Stalls—
Short Fleld Landings
119 Landings, dual n Climbs, dual
7 127 Takeoffs, & Stalls— 82 Glides-Takeoffs
Check Flight dual
8 168 Landings—Check Flight m Preliminaries
dual

B. Eye Movement.

The rocords of eye movements were charac-
teristic for each subject, though in a1 undefin-
able way just as handwriting is characteristic
for an individual. When the tapes were being
played back an experienced observer could look
at the record and identify the subject from
whom it was taken. Segments of those records
are shown for two subjects in Figure 4.

Table IV shows eye movement frequencies
(movements per minute) on local and cross coun-
try flights. There is a slight, though consistent,
tendency for the eye movement frequency to be
higher yet on cross country than on local flights.

Tasz IV. Eye Movements (Movements Per Min: te) On

Local and Cross Country Flights

Budfect Local Cross Cowntry
Solo Dual Solo Duail
1 102.8 08.4 1182 1104
2 782 60.6 786 90.6
3 101.4 098.0 126.0 108.0
4 .0 7.0 890.4 95.4
5 106.6 9.2 105.6 762
8 1.2 85.2 1208 828
7 85.8 86.4 912 100.2
8 8 ™8 816 618
Avecage 89.7 856 1014 90.7
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periods of fixity.

Touch and Go Landings: A characteristic
pattern of eye movements accompanied touch
and go landings. Movements were minimal on
take-off roll, increased at lift-off, were large and
frequent until final approach when the gaze
again became fixed. At touch down there were
usually a few glances then fixity again as the
takeoff roll was initiated (Figure 5).

C. Word Counts.

Themdidnotuppurtobemymuning{nl
relationships between the average number of
words spoken per flight and the instructor’s
grade. The number of words required to com-
plete the syllabus ranged from 48415 to 88,656
(Table V).

Casix V. Word Counts.

Subdject Total Word No. of Dual Average Average
Number Count Flights WO Fit  Instructor Grade

1 48,415 18 2690 ™

2 65,105 21 8100 70

3 62,008 20 3100 ™

4 80,640 21 3840 ]

5 52,808 25 2118 80

6 88,656 27 3284 ™

7 52,800 20 2645 81

8 71,201 26 2739 ™

IV. Discussion and Conclusions.

References to the rate of myocardial contrac-
tion and the effect of emotional states thereon
are not confined to the medical literature. Such
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Fioune 5. Pattern of eye movements during one touch-and-go circuit of the alrport.

statements as “my heart leaped into my mouth,” Horowitz points out that anxiety is commonly
“My heart goes out to " reveal an  accompanied by a slowing of heart rate. In
ancient belief that the heart is the seat of emo-  this study, it appears fairly clear that there is
tion, wisdom and courage. There are 72 refer- an admixture of emotional responses so that
ences to the heart in the Book of Proverbs. “fear” and “anxiety” cannot be clearly differ-
While there are certain dangers inherent in  entiated. Heart rate builds over the length of
drawing conclusions about total body functions the syllabus in increments corresponding to the
from one measurement, the pulse rate probably two major tests of ability, the first solo flight
gives the best moment-to-moment assessment of and the check flight. These are readily identifi-
emotional state that can be conveniently recorded  able obstacles with which the student is preoc-
continuously in flight. It would be highly de- cupied. They are easily and frequently identified
sirable to have records of skin resistance and by the student; yet, none of the student. ever
i rate, expressed fear of any physical harm. Their
. ithin the most common expression of fear was connected
technical capability of this facility at tho time.  with failure. It is entirely pos-ible that the
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heart rates observed in this study reflect a con-
structive tenseness, also menticned by Horowitz®.

Something akin to, if no identical with, the
heart rate increas~ that Roman® observed to
occur when control was passed from one pilot
to the other was observed in this project, also.
Heart rates were generally lowest on dual flights
when the instructor was in control. When con-
trol was passed to the student, a heart rate in-
crease occurred. When the student was com-
pletely responsible for the conduct of the flight,
heart rates were higher yet.

Those events in the syllabus giving rise to the
highest heart rates all involved low airspeed.
Five of the eight subjects had their maximum
heart rates during short field procedures. This
is reminiscent of Roman’s® findings on carrier
combat pilots, who showed maximum heart rates
on launch and recovery, both being essentially
“short field” procedures. The other three sub-
jects had maximum heart rates on stalls (1) and
normal landings (2).

With regard to the absolute level of heart
rates recorded, it would appear that the private
pilot training curriculum is about as stressful as
combat flying®, X-15" and iifting body flying®,
low altitude flying in high performance jets®,
and, indeed, orbital flight**. Heart rates of sub-
jects in this study approached or exceeded those
of pilots in the above mentioned more dangerous
flights. For these student pilots the amount of
ego investment is probably as great and, pro-
portionately, the task looms just as large as
orbital flight does for an astronaut. Certainly
thoughts of flight almost completely preoccupy
the student pilot. He reports frequent dreams
of flying, he makes many “social” calls at the
laboratory when the weather is bad just to talk
flying with other students who gather there, he
spends a great deal of time listening to the tower
on the radio monitor. By his own admission,
flight dominates his life. Throughout this pro-
ject not once did a student forget to report for
a flight. This training was given without cost
to these students. One wonders how much more
the financial burden would add to the emotional
investment of regular student pilots.

Fear of crashing does not apparently seem to
be a major factor. One incident illustrates this
contention. The instructor had frequently stated
that airspeed should be controlled with pitch
attitude and altitude should be controlled with
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power adjustments. One student on his 12th
flight noted that his airspeed was 10 mph too
low on final approach. He forthwith pointed
the nose of the airplane at the ground and held
it there. The instructor immediately admonished
the student about the mldvmblhty of his action
and attempted to seize control. However, the
student was the stronger of the two. Provi-
dentially, a soft drink bottle (12 oz. size) came
forward from the baggage compartment, together
with coats and debris, and struck the student on
the back of the head. The instructor at that
moment prevailed and pulled out of the dive;
by his account, the airspeed was past Vne. The
airplane zoomed up and over a power line and
the instructor made a normal landing on the
runway. The student’s heart rate changed only
10 beats per minute during the episode. It is
not known, unfortunately, what the instructor’s
pulse rate was.

For most students, one unnmmg factor does
not involve flight per se but n, simply, use of
the radio transmitter. Fear of
and consequent failure to comply with the tower’s
instructions bothers most students greatly. A
common student complaint is that they cannot
understand the tower. When questioned closely,
it develops that there is no problem of loudness
or clarity of the tower’s transmissions, but rather
that the instructions do not “sink in.” Such
events are viewed purely as arising from the
emotional state engendered by the flight situa-
tion. Visits to the tower appeared to do more
than anything else to alleviate “mike fright;”
however, understanding of the tower’s transmis-
sions did not improve until the syllabus was
about halfway completed.

Eye movements and word counts proved to be
not very revealing measurements. Eye move-
ments tended to be somewhat more frequent when
the student was in control of the airplane than
when the instructor was flying and, likewise, eye
movements tended to be more frequent on cross-
country than on local flights. There did not
appear to be any correlation between eye move-
ments and instructor’s grade.

Instructor’s grade likewise tends to be useless.
It appears that his appraisal is largely i impres-
sionistic. The Air Force Officer
Test apparently gives little insight into the fu-
ture performance of these private pilots; neither
did scores on the written examination have much









