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February 15, 1995
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- Mr. Thomas Haueter, AS-10

; Nationat Transportation Safety Board
. 490 L'Enfant Plaza East SW
 Washington DC  20594-2000

EOLEING | :

" Subject: USAIr 737-300 Accident, N513AU/PP033,

: near Pittsburgh, Pennsylvania, September 8, 1994
- Investigation items

' Reference: a) Pre-hearing conference, January 19, 1985
‘ ) Public Hearing Action Item List, January 20-27, 1995

Dear Mr. Haueter:

- During the reference {a) meeting you requested from alt parties suggestions of
additional iterns that the NTSB should consider for the subject investigation. It

 was understood that any areas of interests are in addition to the reference (b)

" items, and items that are currently under investigation in the NTSB Systems

- Group, Performance Group and the CVR/Spectrum Analysis Group. In
response Boeing has assembled the following list of items that we believe
warrant additional investigation:

1. Human Factor issues; Use of Rudder; Control Column issues; and Cockpit
: Resource Mangement issues (see enclosure ).

2. Determine if unusual attitude training programs are useful for the industry.
‘ 3. Evaluate whether it would be useful to examine pilot response to rapid

f accelerations associated with this accident on a large excursion motion

| base simulator.

4, Rerun the CVR/FDR correlation with pilots, engineers and test engineers in
f an attempt to identify noises on the CVR tape.

' 5. Collect the database for CVR spectrum analysis and compare with noises
) on the CVR tape for this accident.
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You also asked parties to submit their recommendations on how to preserve
the wreckage. Recognizing that the ideal preservation of leaving the
wreckage "as is" may not be a practicat solution for alt parties irr the
investigation, we would suggest that the reconstruction be carefully grid
mapped and located in a secure area in accessible containers that are well
labeled with the map location and 8x10 photos showing the container
contents.

As always, Boeing remains willing to assist the NTSB in its investigation of

these issues and any other topics that merit attention in the continuing
BOEINEL investigation of this accident.

If you have questions, please contact Rick Howes, (|| or me-

Very truly yours,

FLIGHT TEST

John W. Purvis
Director, Air Safety Investigation
Org. B-UO1B, M/S 14-HM

|i‘ii ii-i4ii| iTA DIR PURVIS

Enclosure: Boeing Disscussions on Human Factor issues; Use of Rudder;
Control Column issues; and Cockpit Resource Mangement
issues
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1. Human Factors Issues

Airplane N513UA was engaged in a two degree per second roll rate to the right
at the mament immediately befaorer its, unexpected encounter with the wake
turbufence from the elta 727, Thereaiftes, dusing the first five secaonds of the
encounter with the wake turbulence, the peak roll rates experienced were:
thirteen degrees per second to the left (to a twenty degree left wing down
attitude); ten degrees per second to the right (to a fourteen degree left wing
down attitude); and eighteen degrees per second to the left (to a thirty-eight
degree left wing down attitude).

In his testimony at the Public Hearing, FAA Flight Test Pilot Les Berven
described an unexpected encounter with wake turbulence as "nothing like you
encounter in normal flight . . . It basically feels like some giant hand grabbed the
airplane and just took it right away from you . . ." (Transcript of NTSB Public
Hearing at 307-08.) The sounds experienced and the comments made by the

flight crew during the first five seconds of the encounter with wake turbulence
corroborate Bervyn's testimony:

Hot- 1: sheeez.

Hot- 2: zuh.

Cam: [sound of thump]

Cam: [sound of"clickety click"]

Hot - 1: [sound similar to person inhaling/exhaling quickly one time]
Cam: [sound of thump of less magnitude than the first thump]

Hot- 1: whoa.

Cam: [sound of "clickety click"]

Cam: [clicking sound similar to trim wheel turning at auto-pilot trim speed}
Hot - 1: hang on.

Cam: [sound similar to aircraft engines increasing in RPM]

Hot - 2: [sound similar to pilot grunting)

Hot - 1: hang on.

(NTSB Public Hearing Exhibit 12A, pages 28-30.)



Enclosure to: B-U01B-15140-ASI

There are studies that address a flight crew's ability to perform when confronted
with an unexpected and alarming situation. In general, acute stress can have a
negative effect on a crew's performance. In his article "Causes of Aircrew Error
in the Royal Air Force" (attached), John Chappelow comments upon the causes
of 143 military flying accidents. Chappelow attributes, 26% of the accidents.
studied to "overarousal" and 17% of the accidents to "cognitive failure."

Overarousal is defined as a non-adaptive response to stressors of an exciting or
alarming nature. Cognitive failure is a type of error in which actions fail to meet
intentions, usually because an intended action is omitted or because an
unintended action is committed. In five accidents that he studied, cognitive
failure was an effect of overarousal. Chappelow states that a crewmember's
personality is thought to be a contributory factor in numerous overarousat-
related accidents. Chappelow finds that the origin of acute overarousal can be
a perceived emergency or operating hazard.

In another study, "Performance Recovery Following Startle: A Laboratory
Approach to the Study of Behavioral Response to Sudden Aircraft
Emergencies" {attached), Dr. Richard Thackray of the FAA's Civil Aeromedical
Institute summarized the information available on a person's response to an
unexpected and startling event. Dr. Thackray's studies had been conducted, in
part, "to estimate pitot response time to potentially critical situations, such as
unexpected clear air turbulence . . ." (see page 2 of Dr. Thackray's article}

Dr. Thackray found that the arousal levels experienced in response to a startling
event can disrupt perceptual and motor performance for up to ten seconds, and
affect tasks involving decision making and information processing for a longer
period of time. According to his analysis, "the frequency of incorrect responses
(representing errors in information processing) was found to be significantly
greater in the startled than unstartied group during the first minute following
stimulation.” (see page 5 of Dr. Thackray's article). Dr. Thackray has concluded
from all of the research examined in this area, that "more complex perceptual-
motor behavior, such as that requiring continuous psychomotor control, is likely
to show maximum disruption during . . . {the] 1- to 3- second period [following
stimulation] . . ., although significant, but lesser, disruption may still be present
for 10 seconds following stimulation," and that "evidence from several studies
suggests that the ability to process information may be impaired for 17 to 60
seconds following a startling event . . ." (see page 6 of Dr. Thackray's article}.

The NTSB should explore, from a review of the literature and all available data
bases and records, whether the Flight 427 flight crew could have responded to
the unexpected and startling encounter with significant wake turbulence by

(1) making an inadvertent application of left rudder, or (2) having an accidental
or cognitive failure that led to an application of left rudder.
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A related question is: "What do the captain's complete training and medical
records at USAF, Pilgrim, Braniff and USAir, and first officer's complete training
and medical records Piedmont and USAir show about their ability to correctly
diagnose inflight upsets or emergerncios, handle stress and correctly use the
flight control systemys?” -

2. Use of Rudder

General Robert QOaks testified at the Public Hearing about the appropriate
response to the encounter with wake turbulence:

Now, when the wing drops, it drops five degrees and what do you do?
You say what's that? And so you are immediate[iy] alerted. At the first
degree you know something is different. And what is that? And so you
are alerted and it goes five and it keeps going, your immediate reaction,
as natural as breathing, or as natural as putting one foot before the other
when you walk is you put . . . [in] aileron. You immediate[ly] spin that
yoke to lift that left aileron [wing] up. And at the same time you kick that
right rudder because you have got to bring that up. And those are the
two controls that you are taught from the first day you . . . [get] in an
airplane.

(Transcript of NTSB Public Hearing, pages 1307-08.)

The training material provided by United Airlines to the NTSB on unusual
attitude recovery shows that crews are being taught to use both aileron and
rudder to recover from high bank angles. (NTSB Public Hearing, Exhibit 2B,
pages 4, 9, 16 and 18.) However, as stated in the material provided by United
Airlines, a "problem" encountered in pilot responses to certain unusual attitude
training exercises has been a "failure to ascertain and apply the correct rudder."
(NTSB Public Hearing, Exhibit 2B, pages 6 and 20.)

Their are numerous examples of accidents, events and training mistakes in
which a pilot applied the wrong rudder. These include:

- A September 6, 1985 crash of a Midwest Express DC-9 after takeoff at
Milwaukee, in which 31 people died. The NTSB found that four to five
seconds after the right engine malfunctioned, the crew mistakenly
applied right rudder followed by aft control forces, causing the airplane to
stall and eventually crash.

- A 1992 Air National Guard C-130 accident near Evansville, Indiana in
which the flight crew was returning to its home base. The first officer
applied the wrong rudder causing the aircraft to roll excessively and
crash.
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- An October 26, 1986 Trans Australia Airlines 737-300 event in which
the crew encountered oscillations in roll and yaw on approach to landing
at Canberra. The first officer was commanding the aircraft while using
the autopilot system. The autopilat was disengaged when the aircraft
entered its downwind leg, fos landing. The crew then encauntered. rall
oscillations. The captain took over, performed a go-around, and no
further problems were encountered. On the next pass, the first officer
was again in command, and again encountered oscillations. The captain
took over and landed the aircraft without difficulty. The first officer later
commented that the wheel felt "heavy" during the segments in which the
oscillations were encountered. It was determined from an examination of
the FDR, however, that on both approaches when the first officer
encountered the oscillations, he had cross-controlled the aileron and
rudder, applying right rudder and left wheel. Qn both approaches, the
rudder pedal input increased to near full right deflection.

- A January 1, 1979 Eastern Provincial Airways 737 event in which the
crew encountered several sudden roll maneuvers during the final
approach to Gander, Newfoundiand. The pilot believed he had made left
wheel and left rudder inputs during a 180-degree turn onto his final leg,
but the aircraft did not respond as expected. The pilot then put in
additional left wheel and used full power to execute his turn and maintain
height. The aircraft lost considerable height and it was later determined
from the FDR readout that the aircraft was close to the trees before the
aircraft straightened out to land. White Eastern Provincial initially
suspected that the maneuvers were caused by an apparent lateral
control malfunction, the FDR showed that when the pilot applied 40 to 50
degrees of left wheel he had also applied 15 _degrees of right rudder.
Less extreme cross-control inputs continued until the airplane landed.

- On March 8, 1994 Sahara India Airlines conducted a 737-200 training
flight in New Delhi. On this occasion, Sahara was training its first officers.
As the aircraft was completing a touch and go, the Instructor Pilot initiated
an unannounced and unbriefed engine inoperative training experiment,
in which he slowly retarded the left engine thrust lever at takeoff. The
FDR and CVR indicate to Boeing that the trainee first officer responded to
the asymmetric thrust by applying right wheel followed by left rudder.

The Instructor Pilot apparently took over the controls and applied right
rudder before the airplane crashed.

- Most flight crew training programs call for the Instructor Pilot to block or
guard the rudder pedals during certain training exercises (e.g., engine

inoperative training) that call for rudder input. This precaution prevents a -
pilot, who may rarely use rudder, from making an incorrect rudder input.
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The NTSB should address the following questions:
(a) Did the Flight 427 flight crew respond to the rolling moments
enperiencee irr the wake turbulence upset by applying and maintaining
loft rudder?

(b) Did the captain and first officer receive training and accumulate flight
hours in other aircraft in which they would have used rudder to offset roll?

(c) Are there any training records of the captain or first officer
misapplying the flight controis?

3. Control Column Issues

The crew responded after autopilot disconnect at FDR Time 139.4 by pulling the
control column as far back as possible.

(a) Was this appropriate?

(b) What role did the control column inputs have in the crew's ability to
control and recover the aircraft?

(c) If the crew made inappropriate control column inputs, is it also likely
that the crew responded with inappropriate usage of rudder?

4. Cockpit Resource Management lssues

A thorough analysis should be made of the manner in which the captain and
first officer performed and communicated with each other during the upset.

Specific questions that need to be addressed are:

(a) What cockpit resource management training had the crew received in
terms of responding to sudden and unexpected events and emergencies;
interacting during an upset; diagnosing problems; and transferring
command?

(b) Were there incidents or experiences that contributed to the decision
by USAir to add written guidance about “transfer of control" to the
forthcoming revision of the Flight Operations Manual (NTSB Public
Hearing, Exhibit 2A, page 19)?

(c) Are there other accidents in which it has been found that both pilots
were attempting to fly the airplane? Is there evidence in this accident that
both pilots had their hands on the wheel?



CAIJSES OF ATIRCREW ERROR IN THE ROYAIL, AIR FORCE
J. W. chappélow

R.A.F. Institute of Aviation Medicine
Farnborough
Hants. GUl4 652
U.K.

SUMMARY

One hundred and forty nine military flying accidents were investigated by
psychologists. Inspection of the data c¢ollected revealed that nearly half of the
accidents involved inadequacies in equipment design, training or administration.
Cognitive failure was a major cause of aircrew error and was more often associated with
underarousal than with overarousal. Overarousal made a significant contribution to
aircrew error, but largely as a secondary factor, i.e. it was generally a consequence
of mechanical problems, discorientation, or prior mishandling of the aircraft.
Personality factors also made a significant contribution, and the dJdata suggest two
distinct types of problem. Life stress and high workload appeared not to play a major
part in stress-related accidents, Fatique was not a major factor, but was closely
associated with cognitive failure,

INTRODUCTION

It is widely accepted that Elying, particularly military £lying, is a stressful
occupation. The real significance of the stresses invelved in flying is, however, not
easily explicated. There are several reasons for this. First, the role of stress is
equivocal. Some aviators at least are attracted by the challenge of operating under
pressure of whatever kind. And the effects of stress may, under the right conditions,
be beneficial. Although the inverted 'U' relaticnship between arousal and performance,
first proposed by Yerkes and Dodson (1) eighty years ago, is by no means a full
description of the complexities of stress, it is, nevertheless, a useful reminder of
some salient facts: Some stressors ralse arousal level, and some depress it, and either
action can, at times, improve performance. In addition the experimental investigation
of the effects of stress is restricted by obvious ethical and practical difficulties.
As a result, the effects of relatively benign stressors in mild doses (eg fatigue,
noise, hypoxia} have received attention in the laboratory and, to a lesser extent in
simulations and flight tests, but one is left with the suspicion that stressors of great
operational significance (particularly varieties of threat) have not yet been adequately
investigated in a realistic context, despite some remarkable efforts (2).

The study of aircraft accidents offers the prospect of obtaining some clues to the
operational impact of stressors and their relative importance, One may assume, perhaps
with little justification but as a useful starting point, that whatever factors are
found to be major causes of accidents are also likely to have a deletericus effect on
operational effectiveness - perhaps in proportion to their significance in the aetiglogy
of accidents. Trhis gives the investigation of accidents a significance in addition to
that derived from the enormous cost of individual accidents. <Clues may he sought as to
the origins of stress in flying, the nature of the effects of stress, and the relative
importance of stress in comparison with other human factors problems.

In 1972 the Royal Air Force started a scheme allowing psychologists to conﬁuct
independent investigations of aircraft accidents in conjunction with the established
Boards of Inquiry. The data discussed here were collected in the course of these
investigations.

METRODS

By the summer of 1988, 149 military flying accidents had been investigated. A few
invelved Royal ©Navy or Army aircraft; the majority were RAF accidents. The
investigations drew on several sources of information:

- Confidential interviews with survivors and others.

- The personal records of those involved in the accidents,.

- Eyewitness reports,

- Analysis of flight data recorder tapes, recordings of radar traces, radio
transmissions ete..

~ Examination of cockpit equipment, regulations, manuals and other documents.

Data on each accident were recorded in a simple computer data base. In addition to
information on aircraft type, phase of flight in which the accident happened, etc., the
human factors which contributed to the accident are recorded as 'possible', ‘'minor® or
'major' influences.




RESULTS
e e e e e e - e
More than thirty human factors categories have been used in coding the accidents.
Some form natural subgroups and have been combined into generic terms in the list in
Table 1. The full list is in Appendix A. It is intuitively obvicus that the factors do
not all have the same logical status: Some are enabling conditions or predispositions,
rather than direct causes; othérs describe the way in which an error occurs. An
arbitrary division of the Ffactors has been imposed on Table 1 reflecting this
consideration. The three groups are: Aircrew Factors - predisposing conditions some of
which are under the contral of the aircrew, athers heing moare ar less patural ar innate;
gsystem Factors - enabling conditions, engendered, by high workload,. inadeguacies. of
equipment desigr or training, etc.r and Modes of Pailure — essentially descriptions of
types of error. Table 1 shows those factors cited as at least possible contributory
causes in more than 10% of the accidents. Most accident investigations revealed three
or four human factors problems; some revealed ten or more.

Table 1: The major human factors

AIRCREW FACTORS

perscnality 233
inexperience 20%
life stress 11%

SYSTEM FACTORS

ergonomics 23%
training and briefing 19%
administration 17%
high workload 14%

MODES OF FAILURE

overarousal 26%
cognitive failure 17%
distraction 16%
inappropriate model 13
disorientation 13%
visual {llusion 12%

A few of the terms in Table 1 regquire some explanation:

- Overarousal: The term 'stress' is commonly used in a variety of ways to describe
both stressors and the 'response to them. For convenience 'overarousal' is used
here to describe & non-adaptive response to stressors of an exciting or alarming
nature. Similarly, *underarousal’ dencotes performance degradation due to
depression of arousal level.

- Life stress: Any personal or domestic events believed to have a worrying, anxiety
provoking or exciting effect on an individual. The personal events may include
some arising in the course of professional duties, but not, usually, short term
episodes directly connected with flying.

- Administration: This term covers the content of manuals, pilet's gquides,
instructions and orders, and also features of chains of communication.

- Cognitive failure: A type of error in which actions fail to match intentions,
usually because an intended action is omitted or because an unintended action is
committed, Such failures are commonly attributed, in lay-man's terms, to
'absent-mindedness’.

- Inappropriate model: This term caovers errors due to the formulation of intentions
on the basis of incorrect information or assumptions.

The early accidents in the database were selected for their obvious human factors
interest. The terms of reference of the scheme have changed, and now an attempt is made
to investigate any accident in which aircrew error' is considered to be a possible



contributory cause., There are grounds, therefore, for expecting a change in the pattern
of results obtained over the vyears. The data do not, however, fulfill this
expectation. A comparison of early and late investigations reveals no significant
trends. }

Origins and effects of overarousal

Table 2 summarizes a classification of the factors chiefly responsible for a state of
overarousal in the aircrew involved in the accidents, and of the effects of that
overarousal on their performance. The classification was by no means easy to impose on
essentially narrative datra dezcribing acchdenta withkr complew causes. Lt 15 entirely
passible that, some categories, such ax "disorganised response’, are inflated as a result
of this difficulty and that of the original investigators, who had to deal with the
survivors' understandably confused recollections of alarming events., Nevertheless, the
classification allows some broad distinctions to be made.

Of the 39 accidents for which overarousal was cited as a contributory factor, 19
involved a mechanical problem (such as engine failure, hydraulic or electrical failure,
bird strike, 1lightning strike, fire or low fuel state) which was regarded as the
stimulus for overarcusal., In fourteen of these cases, the emergency was considered to
have been in some degree mishandled, thereby increasing the danger. Precipitate and
inappropriate action accounted for four cases and disorganised or slow responses for
seven, Overarousal was not the only cause of mishandling of emergencies; five cother
cases were dua to a variety of factors other than overarousal.

Table 2: Origin and effects of acute overarousal

Origins of averarousal:

Mechanical problems 19!
Mishandling 6
Disorientation st
Anxiety or other personality factor 4
Supervisory defects 3
Cognitive failure 2
High workload 1

Effects of overarcusal:

Disorganised response 12
Narrowing of attention 72
Cognitive failure . 52
Slow response or inactivity 4
Precipitate acticn 4
Minor Br undetermined effects 9

! One accident included in both these categories
Two accidents included in both these categories

In six accidents, overarcusal followed mishandling of the aircraft. Limited talent
was a predisposing factor in at least half of these.

Pive accidents involved overarousal arising from disorientation, All five resulted in
the loss of the aircraft. 1In three instances in which the pilot was killed, it is fair
to say that overarousal was assumed to have been a 1likely concomitant of the
disorientation that wasg believed to be the cause of the accident.

In twelve overarousal-related accidents, a crewmember's personality was thought to
have been a contributory factor. Usually, (eight of the twelve) this was due to a lower
than average tolerance for stress (see the section on Perscnality). In four accidents a
predisposing personality factor was the cause of overarousal. In three of these, the
origins of the overarousal lay in a crewmember's predisposition to anxiety - in one case
about test sorties; in another about the possible effects of high intensity radio
sources; and in a third, a general unease about fast jet flying may have been heightened
and focussed on the possibility of control restrictions. The effects of overarousal in
these cases were: a focussing of attention which resulted in the omission of an




i el

. ’q‘?

important action; and, in two cases, precipitate and probably unnecessary ejections,

In two. accidents supervisory failings resulted directly in pilots. facing novel
situations with which they were ill-equipped to deal. In both cases the pilots made
errors leading to their losing contrel of the aircraft. A third accident was similar,
except that the overarousal followed the loss of control and hindered recovery; again

the necessary enabling conditions included a supervisory factor.

In two accidents, problems arising from a cognitive failure caused overarousal which
impeded, resclution of the probhlems. In a further Ffivee accidents), cogritiver failucte
appeaks to have hean a resalt rathexm thaw a cause of overarcusal,

Other sources of stress
Life stress:

In seventeen investigations it was thought relevant to record details of personal and
domestic events that might have been a source stress for the aircrew involved. In eight
cases overarousal was also considered to be a factor contributing to the accident. 1In
general, however, it was not possible to make any direct link between the life stress
recorded and the causes of the accident. In only two cases could personal events be
viewed as having a direct causal bearing on the accident: One involved recent experience
under fire, which may have caused the pilot to emphasise tactical considerations at the
expense of safety; the other involved a terminated engagement to marry and subsequent
rather cavalier use of an aircraft. Most of the remaining instances fall into the
following groups:

- Domestic problems - five cases: deaths, illness or health problems in the family;
intensive and tiring domestic activity immediately preceding the accident (two
cases, also listed under fatigue).

- Marital problems =~ two cases: specifically worries about infidelity or
incompatibility.

- Work problems - five cases (two also involve domestic stress): excessive executive
responsibilities or secondary duties; confliect between domestic and professional
demands.

The mode of failure for five accidents in which life stress was cited as a possible
contributory factor was cognitive failure; in three cases a deliberate disregard for
rules was a major factor in the accident.

Fatigue:

Although fatigue does not appear in Table 1 as a major cause of accidents, thirteen
investigations (9%) did reveal fatigue as a possible contributory factor. Four
accidents occurred during night flying, three of them after relatively long periocds on
duty. In one case night flying aover the previcus three nights was thought possibly te
have caused fatique on the day of the accident. 1In five case the fatigue originated at
least partly in social or domestic activities. Cognitive failure was the main
asgociated mode of failure (six cases); there were also two cases of apparently
controlled flight into the sea, two of failure to aveid rising ground and cne mid-air
zollision,

High workload:

Although 21 zccidents implicated high workload as a contributory factor, only seven of
these were associated with evidence of overarousal. Four of the seven involved
mishandled emergencies, the excess workload arising from mechanical problems. Two of
the remainder inveolved training in demanding operational conditiens, which may, of
themselves, have generated a degree of excitement. It is not possible to determine
whether the high workload or the overarousal made the greater contribution to any of
these accidents, but it may be reasonable to assume, in the four cases involving
mechanical problems, that the high workload was not itself the primary cause of the
overarousal.

Other causes of accidents
Personality:

In 34 investigations the personality of a crewmember or other relevant person was
considered a possible contributory factor., Twenty cases fall into one or other of two
definable sub-groups, nine in one, eleven in the other, The smaller group is
characterised by comments in the subject's personal records such as: "underconfident",
"nervous®, ‘"prone to over~react®™. Six of the nine cases involved mishandling of an
emergency; one probably involved over-reaction to a mis-identified emergency. The
larger group is identified by the following descriptors: "over-confident", "reckless”,
"disregards rules", The results of this attitude included deliberate excitement seeking
{eg illegal low flying) and exhibitionism, as wall as pressing on into difficulties
without much thought. Two mid-air collisions and four collisions with obstructions, the
ground or the sea resulted,.




Supervigion and ergonomics:

poor display design accounted for 14 of the 34 accidents in which ergonomic
deficiencies played a part. Nine were ascribed to poor cockpit layout and eleven to
poor control design. Combining the two supervisory categories (training and briefing
and administration) with the ergonomic category reveals that 65 accidents (44%) involved
enabling factors generated by the system rather than by the aircrew themselves.

Cognitive failure:

Caognitives failure was @ primary of contxibutory cause of 26 accidents. Nine of these
involved actions omitted by the crew, usually from a very familiac dzills: 13 invalved,
substitution of inappropriate actions for those intended. In sevem cases, distraction
provoked or enabled the cognitive fajlure to happen. In ten cases fatigue or
underarousal was considered a predisposing condition. Eight cases of cognitive failure
were also associated with life stress. The most common result of cognitive failure was
a wheels-up landing - ten cases in all.

DISCUSSION
Qverarousal:

The origins of acute overarousal appear to fall into several subgroups. About half of
the overarousal related accidents (13% of the total sample) involved mechanical failure,
sometimes as a result of operating hazards such as birdstrikes or lightning strikes.
another important subgroup is overarocusal due to disorientation. Other specific causes
were problems arising from mishandling, cognitive failure or supervisory failings.
Overall the first impression is of specific, single causes of overarousal, usually with
a sudden onset, rather than a gradual accumulation of several minor stresses. Specific
remedies might, therefore, be found in improvements in simulator training - teo improve
responses to emergencies — and in better presentation of attitude information. Attitude
displays that address the ambient visual system rather than central vision could be of
real benefit in reducing the probability of disorientation (3}.

Life stress and personality:

Indications that specific, single causes of stress do not constitute the whole picture
come from the data associating personality characteristics and life stress with aircrew
error. Life stress has commonly been assumed to contribute to stress-related errors and
has been the subject of some attention in recent years. Alkov and Borowsky (4} and
Alkov et al (S) found a number of life events to be associated with involvement in
aircrew error accidents., Thege included:

- Recent engagement to be married.

- Recent loss of a friend or relation through death,

- Marital problems,.

- Recent major career decision.’

- Recent trouble with peers, subordinates or senior officers.

Some additional factors seemed to be more descriptive of personality characteristics
than life events:

- Lacking in maturity or stability.

- Lacking in a sense of humour concerning self.

- Experiencing difficuity with interpersonal relationships.
- Slow to assess potentially troublesome situations.

- Lacking professionalism in flying.

It is possible to interpret two of the five life events listed above (marital problems,
trouble with other officers) as also reflecting immaturity or inadequacy in coping with
interpersonal relations. In fact, Alkov et al interpret the findings of the two studies
as indicating that social maladjustment may be a good predictor of aircrew error and
they place little weight on the remaining life events. What, then, is the role of life
stress? As indicated above, in only two of the 17 cases where life stress was recorded
as a possibly relevant background varjiable was it possible to see a direct relationship
between the life events and the behaviour that caused the accidents. These may be
regarded ag rather special cages. It is, of course, inevitable that any sizeable sample
of aircrew should carry a burden of some marital disharmony, some illness, domestic
upheavals and problems at work. Without a control group, it is impossible to know
whether these problems are over~-represented in our sample of accident victims. For the
moment, the case for life stress as a direct contributor to aircrew error is, at best,
not proven, and must be regarded with some suspicion until more substantial evidence
becomes available, McCarron and Haakonson (6) came to a similar conclusion after
surveying life events among Canadian pilots. This would probably represent the attitudae



of many aircrew themselves. For many the cockpit of a. high performance  aircraft
provides a welcome refuge from down-to-earth pressures and annoyances.

The role of personality in aircrew error accidents appears to have - at least two
discernible aspects which account for 20 out of the 34 personality-related accidents.
One aspect has a bearing on stress, Some individuals previously described by their
supervisors as underconfident or nervous failed to cope when presented with emergencies
ar unusually demanding conditions. Precipitate, inappropriate action was a common style
of error. The second group, described as overconfident or reckless, either sought
excitement in unauthorised ways, or was ablivious of or slow to recognise risks. Levine
at al (7 Pfound that gquestionrzires items concernmed withr adventurousness or risk taking
were, associated with accident, occurrences. among, U.S. Navy awviators. However, in a
review of personality studies, Farmer (8) found that despite the existence of some
evidence implicating extraversion and neuroticism, overall the evidence was inconclusive
and contradictory. The two studies by Sanders and Hoffman (9) and Sanders et al (10}
provide an instructive example of the difficulty of obtaining stable correlations
between personality data and accident statistics, If the data presented here are any
guide, it seems likely that both unstable introverts and unstable extraverts have their
own idiosyncratic risks. This would certainly make it harder to demonstrate a simple
correlation between extraversion/introversion, as measured by personality tests, and
accident-proneness., There seems little prospect of identifying the high risk
personalities with a useful degree of wvalidity at the selection stage. However, given
that supervisors are already demonstrating some awareness of relevant personality
characteristics, it may be worthwhile attempting to supplement their observations with
formal personality tests. These could provide the basis both of guidance for
supervisors and of counselling for individuals.

Fatigue and workload:

Fatigue and high workload were both associated with relatively few stress-related
accidents. It is no surprise that nearly 40% of the fatigue-related accidents involved
night flying. Perhaps more interesting is the fact that domestic activities contributed
to fatigue in a similar number of accidents. Both sources of fatigue should be
controllable by suitable supervisory action.

Cognitive failure:

The largest homogeneous class of immediate causes of accidents appears to be cognitive
failure (17%), This represents a peculiarly difficult problem to tackle, because, to a
large extent, being well trained and experienced ias a requirement for this type of
error. Reason and Mycielska (11) found that people reporting cognitive failures were
more often preoccupied (at the time of the mistake) than not, and also tended to be
tired or sleepy rather than emotional or excited. There are parallels in the present
data. Ten out of 26 cognitive failures were associated with fatigue or underarousal
{(five resulted from overarousal); eight were associated with life stress - a possible
source of preoccupation, There is a more complicated link between cognitive failure and
life stress, however, and one that takes account of the intuitively obvious fact that
individuals differ in their response to life stress.

Broadbent et al (12) showed that proneness to cognitive failure is a relatively stable
trait and that those who are prone to ceognitive failure are more likely to develop minor
symptoms in response to stress than those who are not. Broadbent later argued
(Broadbent et al (13)) that the basis of the trait lay in differences in cognitive
style, those with a more obsessional style being both less vulnerable to chronic stress
and less subject to cognitive failure, He also suggested that cognitive styles become
more extreme under stress. Thus, although the evidence for life stress as a direct
cause of accidents is doubtful, it may have a relevance in identifying those who are
most liable to cognitive failure, and, possibly, their times of highest risk, Some
piecemeal remedies for cognitive failure, involving redesign of equipment, are
possible. There is also a clear need for a valid, objective test of liability to
cognitive failure, and for techniques of remedial training in cognitive style.

System factors:

It is a truism that complex aystems, like aviation, can never be free of human error.
The present data indicate that, in a substantial proportion of accidents (44%).
significant errors were made by people remote from the critical events. These errors
included design of eguipment, inadequacies in training and briefing and administrative
failures, Often the errors were not obscure or complex. Many of them were surely
identifiable as potential hazards before they caused an accident. The only practical
remedy for system errors of this type requires aviators to take a closer interest in the
way their system operates and, perhaps more important, the relevant authorities should
encourage a gquestioning attitude and be prepared to support changes to the system in the
interests of flight safety.

CONCLUSIONS

Although overarousal makes a significant contribution to aircrew error accidents, it
appears, in general, to result less from generally high 1levels of stress or the
cumitlative effects of small stressors than from specific, provocative events.
Mechanical failure and disorientation are two significant classes of provocation.
Specific remedies in the form of improved simulator training and enhanced presentation
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of attitude information are at least conceptually feasible.

The role of life stress in accidents appears ill-defined. It seems unlikely to be a
direct causal agent, and whatever significance.it has may be related to some aspects of
personality (social maladjustment) or <c¢ognitive style. Fatigue made a small
contribution to the accidents investigated, largely in connection with night flyzng and,
interestingly, tiring domestic activities. Nearly half the accidents involving fatigue
were due to cognitive failure.

Twe diatinct classes of persanality prohlem acre discernible in the data. One involves
overarousa}l im respomser to emergencies. or aqther, demanding, circumstances, and appears to
be the province of unstable introverts. The other involves excitement seeking and
disregard .of risks by unstable extraverts. The use of personality tests to provide
guidance for supervisors and counselling for aircrew is a possible remedy.

A major cause of aircrew error was cognitive failure, Although some cognitive
failures occurred in stressful conditions, they were more likely to happen in normal,
undemanding circumstances, or when the aircrew were fatigued or underaroused. General
remedies for this type of failure are not available and should be a priority for future
research.

Nearly half of all the aircrew error accidents involved some contribution from design
deficiencies, inadequacies in training or briefing, or administrative failures. Such
errors represent a significant challenge for both designers of equipment and those
authorities responsible for the training of aircrew and the control of flying
activities,
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AIRCREW FACTORS - BT

alcaohol

disregard for rules

excess of zeal

fatiguer

hypoglycacmian

inexperience

joie de vol (unnecessarily spirited or adventurous manoeuvring)
lack of airmanship

lack of talent

life stress {exciting or worrying personal or domestic events)
low morale .

personality

QFI checking another QFI; reluctance to take control

sengory limitations ~ visuyal

social factors/crew co-ordination

underarousal

SYSTEM FACTORS

aircraft handling characteristics
ergonomics - displays

ergonomics - cockpit layout
ergonomics - controls

logic errors in automatic systems
noise/communication

operational pressures

time pressure

training/briefing

administration

physiological stress (usually heat)
high worklecad

under fire

MODES OF FAILURE

cognitive failure - inappropriate action
cognitive failure -~ omisaion
disorientation

distraction

‘giant hand’ experience
inappropriate decision
inappropriate model
inappropriate spatial model
overarousal

glow response

stress

unawareness episode

visual illusion
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FPERFOAMANCE RECOVERY FOLLCMING STARTLE: A LADCRATORY APPROACH
T0 TEE ITULY QF BERAYICRAL RESPONSE TU SUDCEN AIRCRAFY IMERGINCIES

Riohard I. Thackmay, #a.D.
Cteil deromedical Institute
Feceral, Aviagton, Admipntstoaticm
F.0. Box 25082
Oklunoma Clzy, Oklahoma, T312%
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SIHMARY

This papar deals with the usa of responas/recavary to auditory atartie anm a isborntory tachnigue for
simulating some of the prinofpa) aspeats of the inieia) shoox phass of guiden eamsrgacoy situations. Tt
i3 submitted that auvditcry startle, with ita WieiDedtotness, pronouncod aulenomle reacticn, fear-1liks
audjective oxperience, and frequent bshavicral disruptiom, approxisztes tha Teaponad patiarn to o
axpeotes io the lritial shook phase of scdden traumgtic amargencles, and that ty studyieg the tise couraa
of perforzanze reddvery followinz startle, as well 33 ismdivicual difrarazons in regponse/recevery, wa miy
fain » Batter understanding of scme of the variablem related to extrsge reactioos displaysd by
individusle in real-life erergoncy altustloes. Reasarch studies conducted in our laboratory and ia
others 0 parformance lgpeirwent/recovery following startla ere reviswed. Ihsas giudies include thoam
dealing with fnitial rescticn time to the startls stiwulus iteslf, Qleruptidn and recovery rate of
porceptual-motor (traecking) performance following sbsrtle, wad the tips-souras of performance resovery in
inforsation prasessing tagks sfter vrposure Lo ataptle. Data are also prazantad ghoving & pelationahip
of several ivdividual difference veriablee Lo perlformance rerpnose/radovary folloving atsrtle. Thede
variables include mutonomlc response to the atartle akimulus and leval of tase profistancy prisr o
startle.

INTRODICTION

Alraraft enorgencies oftan ootur witheut Pricr varning and require repid response.  Althouge it §r
copninly weoepted that responpe times to unexpectad events ganerally sxoaed those to comperable events
that are antiaipatsd, actusl data om reaponse tloas to unexpested stinuli or events occurring
infrequeatly in real-life settiugs sre surprisiugly aparse. 7In cae of the few studiss o Which such data
were obtained, Warrick, Kibler, and Topmiiller {1355} aaminad the btime that Lt took sacretapies to preas
3 button located 9.5 1n frem tsir typawritess whan tha stisulus (buzzar) was sounded withoyt warning
ooce or twice & wesk over m é-month purlod. Relative to slerted zonditicos, the trereass in respenze
times when Lhe buzzer vas usonnounoed wes surprisicgly saall. During the first ®ooth, unsierisd respopse
tizmes (Mdne.§ seg) were atout 13 pescent lcnger than responss timea undes alarted covditions. 3y tba snd
of the G-month peried, the medias unalerted time wvas .§ sac, reprasvcting only & 22-perosnt Incresse over
alertad times.

Gther estudies of respofie Limas t¢ unexpacted evenis have boen condustod Yy leveollgators oonoarmed
with driver reasticns to simulated edergensias. Muso and Wierv’lle (1982), for ammeple, round that
brazing tica O an unexpected swent, presssted after prolongec driving, averaged abous 1.64 gec when the
evant first ccourred. By the timw tha fourth “apergenoy™ ocourrcd, respondc times were about equal to
biseline responss tismas (approximataly 1.40 aec). Thus, ugerpectednoss roaulted ip braking tieas that
were 23 parcemt longer, ab nest, than braking times vhen the Avents wars astisipated. In u sémevbat
ainllar study, Jobanszen and Pumar (1971) alno ocmpared brakiog response times Lo expsoted mnd imerpeated
situatione. On tne cverage, braking time to unexpected situations averaged .73 s62; this decreased %o
«54 zac when tha avents wers anticlpatad. linexpactedneas, thus, resulted in reaponts tises that ware
approximately 351 longar than responss tloes for antialpated svants.

A few reported studics bave dealt with aisulated nuclear power plant swergencies. In tbesa studigs,
procass operators In nuelear coqtrol roomy ward Andtruated to respocd ar rapidiy as pnawihla to aimulated
emorgenoier signaied by audible ularma and visual indicaters, With sigial rates of 1.35 to .35 per hour,
responae tizes (estimated from the daka given) rangsd frod less than | sso ta appreximately 2.5 saa {(Lees
and Sayers, 1976).

Of the otudiem just discuansd, those that have ompdrsd responns imes ta Bath expacted and
unexpected stlouli are relatively conajstent ln their findings. Maxioum peroont increass in respocas
time dus t5 the Factor of unexpectodnsss has boet found t0 range from 22 Lo 35 percest. When tba
Anfiueana of repetition hay beaz examisned, reduction in uncertainty saused respocee Limea Lo approxizate
baseline (alertod) oonditiocs. Such findings lecd support to the tosolusisn reached by Varriek, Kibler,
and Topmiller that one may be obls to axtrapalate to unalertad sooditions froo data cellsctod under

onoparadle alerted conditions,

Io wany types of smergency situsntlons, howevar, one haw not ocoly the factor of unexpoatedaess to
contend vith, but also the sdditional and potantially disruptive Inator of intense sagtional arcusal.
Agtual data with regard to response tise to STeumabio smergency events, to say nolhing of the Sims-couras
of behavioral récovery follewing such experianse3, &re virtually ponexistent. Papt of this is claarly
due to the extrems dLrficulty of creating under coatrolled, experimental conditions the paruicular
perdaptual/cogritive eventa that, becauss of tholr meaning or significascs to the individuel, kra the
usual triggers for the exotional reactions nzsocilated with real-life eonrgohceios,
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RATLDHALE FOR THE USE OF STARTL:

A& poaolble teohnique for airoumventing this dilemnd invelved the use of atartle., Barore gonatdari

LHLS appesnch, howevar, 4 brief review of the atartls respondse La warrantad. In essence, the startle
eeflex la primarily a muaquiar responss whera the somplets rsastion aonelsts of & aeriea of lavoluniary
rontractions beginning at the bead wilh the syedlink ard rapldly progresaing to ths legy. It is
typlually aveked by lapulaive auditory stimuii (e.g., a platol shet}, although other, and generally les:
affoctivg atimuli, suah as a jet of ice water, photeflash, and elsatpic ohock havé a1s0 Lesn found %o
alteit LL (landis and Hunt, 1939}, It always beglaxr within 100 m=ea of tha eliciting atlmulus, and may
have . dueutlos of 3 9490 for a mild but eoapleta roaponas to approximately 1 to 1.5 ses for an ‘ntense
rouction (rkman, Friesen, and Simona, 19655 Landis and Hunt, 1339). Although. the nusalse reflox,
demurklind te detatl By Landir and iupk (1939), LS often donsidnceds to defines the-atarwis pattern in, fts
setteely, the tobal, pattern ineludes physiciogtesl ax well as subjeattve componenta. The ghyaiologlcal
- F3poANn comninty of a proncunced, generasllized {rnorease Ln autonoado and asnktral norvous aystem zctivity
and kg 2in desorided Ln detail by Sternzash (1560a). Thia pattern of physiologieal roapenise, when
sampared with sutenscele respocas patternd produced by sxerolae, the cald presagr teat, ane infeotlons of
uplagphetan awd aureploephiring, has btean found bo closely reaamble the pattern produced by apinspnrine

1njnet ton {(Sternbach, 19§0b).

Tha fasling state evolcad by otartle 13 more 4Lffloyly to alaaaify. While of%en considored to be
ravated Lo the emcblon of surprise (Ekman, Friesen, and 3imona, 1985), othera have {dentified it not only
with wurpetas, bub with fear and anger a3 well (Blatz, 1925; land{s and Hunt, 1939 Skaggs, 1525).
faterautingly snough, the splasphrine-1ike phyalelogical pattern to startle thal was notad above La alas
Bhe charaataristlo pattern fouad te be produced by fear.induoing situationa {AX, 1953; Sohaotar, 19571,
Althouygh axrasing that the fesling state asscciatsed with starkle appeara closest to rear and anger,
tandta e tlunt (1933) conaider that L may be beat to dafine atartle as precgotional. They note that
"Lt rdoea nat atand fa the saz4 group of phenocans xy the anjor smotléna, yet 15 seezs to be olosaly
ralatnd Lo thea and to belong generically in the osame fleld. [t 13 an immedlate reflex responaa to

faaddea, intenza atimulatisn whioh demands seme oub-uf-the<grdinary treatasnt by the organlsa, As auoh 1t

/ partakes of the nature of aa ezergdadoy reaation, dub It 4a a rapld, tranaitory rasponse auch mare siwple

EE—

in Lty organization and expreasion than the a¢—called fezotlona'” (Landis and HunZ, 1339, p. 153).

in a stwdy ooncerned with the quesbtion of why soms individuala seea to "(reage,” wnila Qthera aprear
€2 caah almoat inatantineously 4n eaergency situstiona, Starnbach (1940a} reascned that atartle
eeaulting from a loud auditory stisulus might be used te approximate the prinsipal componenta (aurpries,
faar, larenas phyalologicel arausal, and tesporapy behavioral diaruption) that are common Lo many types
of duddon ameargenclea and hencs provide a techulque for studylng bahavieral recovery rollowlng traumatia
srents nadne laborstory conditions. [t 13 genarally asvepted that sudden emergmocies frequantly, Lf rot
typleally, altell feelings of fear or anxiely, and, as wa hava juat natad, a nuaber of atudies have
dJamorsboeatod that startle does evoke an experifence, sibalt rather tranaltory, that has vesn ldentifled
not urly WLth gurpriasd, dut with fear as well, Ffurther, tho phystiological responxe to stargle, when
tvapscad wlith tha autonomio respones patterna produced by a nuaber of ather streascrs, 2aa deen Cound Lo
luawly eraxshle the 9pinaphring pattern Asdocla%ed with fesr-induoing sttuatlons, Taken in copjunatlon
with the ilandis and Hunt (1939) beliel thab the wotal startls patiern reseubdles hat of en emangandy
eonaklon, LE vauld not seem uiredsonabls Yo Dallxve Lhab 3tudias of responze to atartle nmight provide a
nunful lakopeatary approsch ba tho atudy of Nwman behaviop in audden atreas atiuations. The predant paper
adopta bhis position and roviewA reaearch flodinga relevant to perforsasos recavery froz startle. No
ABLcuept 18 avde here 'to doguaent tha methodological cenagderations (e.2,, sbimulus parametsra, aodifylng
varlables, difforentiation of atartia Crom ¢rienting and defanslve reflexes, msazursasnt requirensental
lhac mist bo rocognlfed in caprpying Oub research in this area, Releveat methodolagiscal considerations
arg raviewanl or dedaribed by Graham, 1979) Lardis snd Hunt, 19397 Zxman, Friasen, und Simens, 1985

Raskin, Kokies, and Dever, 1963, and Thagkray, 1972,

REIPUNNE CIMR {1 BTARTLE

falag «« platol shat a3y the ablaulus for o required button press reaponss, Sternhach (1965a) found

tont voluntavy reaponse times to otartle stiaulacion ranged. from 128 to 3,262 naas with a mean (eatioated
frem tha data) of 950 mseo. Sternbach's prioary concaln, hovgyer, was act with ¢stablishing the astual
range or limlks of responae bipe to slartling eventa, but rather with invastigating paychophyalologiaal
2ceralutoa of individual differences in time to reapond. In this regard, he examined physiologisal
vouting and rusponse levela of the |0 rastest and 3lowest reactses bo stactle. Nhile thers wid ho
wewidagful rotationship of resting physlologiesl lavela to reaction tize, fast and slaw resataca diflared
algntfleantly {n thelr physiolorionl respense o atartle on A nuamber of yariablesj glow reaators showed a
alunlricsntly yreabor inoreass in systelis blood pressvre, pulss prszsurd, palmar skia oonductance, and
heart rata bthan did Caat reactors. In sddition to grestar auvtonoalq reaponag, informal statementa made
by alow readtnra (4.5., T loew [ was supposed to do something, but [ couddn't think of it ab first.” ~I
thougnt. { pressad 4t at first, thea I realizad I hada't." "IL touk mé m moment to realize what I had to
dou") Aiguyitod greater cognitlve diaruption sy well; no aush statemenks Were made by the group of faak

raagbora,

A subacquent atudy by Thackray (1943) sxtendsd the 3Jternbach atudy Yy ineluding a cosparisen of
rasponsy Lined to high-intensity, startling stiaull with resotion tises ts nonatartling audlitery stimulfl.
The prinatpal intent of this laveatigation wad ta provide bajeline data thAR might be uaed %o eatsmate .
PLIOL responaa-ticeasta potentially: oruiaah..ﬂb‘“anom, SUOR as’ unexpechad aleap, alp turbulenes or &
awddan fatlure {n an mutomabie gontro} syatdn.V Subjeats were Lnatructed o reapond to any auditory
atioming by movifg a control akiak as rapldly as poasible to the lert and aloultanaously 2lipping baok a
vrospenan butten leocated on top of tha stiack, The first stiaulua consisted of an unexpactedly loud burat
of 120-h nolsa; this was folloved by & aerias of 350 low-lntansity auditory stimull at conatant 15 asa
totarvala sad a-final 12d-db atiaulue, The mean (893 msed) and range (356 to 1800 msac) of response
Lices to the inttlel high-intensity atisulus wers alatlar to those obtained by Sternbach. Like
3ternhach, wutononia remobivity to starble was found to be positively correlated with responds tize to
atartla,  Tha seoond high-intensity stinulus présentod 13 sed Aftar the serles of low-fntensity stinull,
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and with no lodication that anything other than ancther low-latsnsity stioulus would oecur, yielded a
mean (4§15 =msac) and range (157 Lo 1550 maec) of responye times that were conmsiderably lower than that
obtained to the first bigh-intessity atimulus. Interestingly enough, autenomie responzs to tha seqond
loud atimulus way found to be inversely related to responst time. Thus, vhile sagnltude of autonomis
responss to the initisl high-:ntensity sound was directly related to perlormancs dilarupiion, autonomlc
response {o the jecond, and subjsotively lesa startling sound, was 235001ated with performnce
facilitation. Ome might nypotheaize that, in sacordanoe with the predieticna of activatien tbeary
(Halma, 19%9), arousal laval to tha initial startle was sufficiently hian to diarupt pecforaance, while
they Toweer apousal, axenaiated withs thee seeond stantle zotod be factlivzte. perforpance.

Although positive correlations were found betweea reacticn times o the lew-intenaity sounds (Hn=358
m3e0) and rasponde times to tie high-intensity, startling stimuli, the mast interzeting aspect of this
finding wvas that startle appeared to Zagnifly differesces batwwen indlviduais in their reaction times to
the low-intensity, nonstartling tccas; i.e., siow respendars tended 1o respoad eved more alowly, vhils
the fast reaponded more rapidaiy to startle stimdstion.

RESPONSE/RECOVERY QF CONTINCOUS PSYCHOMOTOR FERFORMANCE POLLOWING STARTLE

Wiile the studies described above provide baala inforzation on the tims r2quired to make a diaorate,
voluntary response t9 gtartle, they fall to indicate whether this time frame éncompasasy all of the
diacuptive effocta of atartls or whethar some disruptioc pay extend beyond this period. 3inee tha raflax
ouzcle respense bo stastle, depecding upon the intensity of the reaciion, may last froe -3 to 1.5 sec
(Landis and Bunk, 1923}, it Ls evideat that s major portion of the time required to complate a voluntary
rasponse following startle 18 & direct reault of this reflex interfaredcs. To provide informaticn on
possidble dieruptive effects of atartla beyond this period, Theckray and Touchstone (1970) atudled the
rwdovary rats of cootlinuous paychomotor perforwance following startle. In thia study, subjects parformed
& coopensatory tracking task ceatinucusly during a 30-min period. A 115-db burgt of white nolise ocaurred
wexpeotedly 2 nin into toe session and again at the niddle of the zession. Traoking error during trs
firat raputs following the initial atartle stimulus iz shown in Pigure 1. Also shown in thls figure are
the response/recovery curvas for heart rete sod skin ocndustance. Although kax{swm performantd
gisruption ococurred during the first 5-seq asasurenment period follewiag atimulatien, signifizant (p<.0S)
izmpalreeut wmy wvtill present 10 3ec after startie.
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Plgure 1. Hesn trackiug error, maximaz heart rate, and conductance level during succasslve S-sen
intervals following startle. Also shown are pre-startla values for sach variably.

The disruption ia tracidng perforesnoe, persisting into the 10-geo pariod following startle
stimulatioa, algsrly sxtanded beyond the inmitial diaruption caused by tho refleX reaponids i%aslf and
¥ould appear %o be a2 manifestatica of a louger lasting, mors ganerz) physiclogical/emotiogal reapopse to
the unexpaoted noise stiasulation. + Support for this view ie suggestod by the spparent covariaticn of
ROArt raté witD DParfobmiscs that ia shoun in Pigurs 7 and that nppaers to extend at lesot into the first
30 asc following atizulation. (Inoidestly, it 1s of interest to note in this figure that significant
perforsanca improvemont occurred duricg the 8th S-see Lnterval following startlie: facilitatisn at this
sgae location &lss occurred following the sacond startle stimulus, Since nelther af the autondmio
modsures showed any corresponding change durlcg this time period, some central nervous syatem facilitory
process iz yuggmated.) ’

The pattern of parformance cbapnge and physiciogical response to bhe second of tha two startle
etiould, although of somowhat lower magnitude, was quite alaliar te that snown in Figure 1. 0f interest
Waa the finding that magajitude of trasking arror ta the Buo startls atimull wmp significantly eorrelated
{r=,60, p<.01), This emabled us to form two subgroups of subjects whoss tracking error following both
atartle evests placad tham in eitber the top third (high impairment) or bottom third {low lzpairmeat) of
the combioed distributious. Ralative to prestartls tracking parformance, 1t was found that ktbe
high-iaspairment group alwoet doubled in their tracking error soores izpediately following startlaj the
low-inpairoant group showsd litile differenca Ddatveen their prostartle and poststarile levels of tracking
arfor. With regard to physliclogicnl responss to startle, the high-impairasat group showsd significantly
Sreater heart rate accaleration, but the groups did not differ significantly (p>.0%) In coaductance
changa.



A atudy by Viasak (1969) likewise evaluated individual differences {p paychomotor diaruptlion to
atartle stimulation., Ualng a alaple linsetraning tas¥, Ylisak atudied differsnces in parformance
dizrupblon to an unexpected 100-~-db sound {roe a Xloxeon horft. His findings were sisilar Lo thoss of
Thackray and Touchstone {1970)} performance iampalrment following atartie waa related Lo pricr task
profiaienagy, with less proficisnt subjfsats beipg cvonalderably more dlarupted by startle. Aa noted
esrliar, Thookray {196%) =l30 found avidence %o suggeat that, wiith the parsicular reastion tice task
enployed, atartle tanded Lo exaggerate proexiating differences batwean individuals la their nonstartle
responss time) L.e. Lhe alow beamme slowser and the Cast reaponded wilh even ahortar latenoies to
atartley Takéen togeathar, the raaulta of thess three studles suggost the general hypathasls thas the
extent of dlaruption following astartle La dependont upon prentartle leval of performancs, with bha
Zreatest impairment. aconerind, amang thame whe Zvoy olihers ¥iowest ore leas¥ proftatent Lilor Lo staghle.

nefore aonoluding this sestion Lt ahould be noted that both Ylassk and a subaequont atudy by May and
Rlce {1971} found bthe tetal duration af tracking impairsent rollowing astartle %o be caly 2 to 3 32¢,
which l3 copatdaradly leass than that found 1n the Thaokray and Teuohatone atudy., Io & resxamination of
thelpr datz, Thackray and Touchstona likawise found saxiaun impelrment to cccur within Lthis sage time
period and gonoludsd that AL leask acas of the disruptien thay takes place within the J-seo pericd
following startle L3 attributable Lo direct mechanical effwots of the musdals raflex on msotor cyntral,
Hewavar, the fast that Thackray and Touchstane found tracking rarfocpancs ta be significently impaired
for p ta 10 360 folloning atartle dlesrly descnskratea that disruptlve efreats tranacend the time period
that one aignt reasocably attribute to mechariical effeals or ths startle roflex. . The loager parisd of -
dispruption’ found by Thackray and Touchetons way have basn due to the uas of a more difricull traoking
task and/or the use of a mera reCined maasure of tracking arrop bthan was used in aither the Yiasak or the

Hay and Alca study.
ABCOVERY OF COQNITIVE FUNCTIONING FOLLOSING STARTLE

Although percaptual-motqr racavery (ollewing atartle appaars to Da qulite rapid, thero ia evidence
that tasks invelving deglaion making op iunformation proasssing may be impalred for & longer period of
time, Theg, Viasak (1969) atudied the efrsols of startle on continuous mental audtraotion &nd Tound
per{ormance 10 ba signflcantly impaired during tha rirst 20 sea following asimulation. A afmilae period
of impalrment was round by Wocdhead (1959, 1389}, who obtained decrsmenta on a continucus symbol-zatching
task laating from 17 to 31 gac after atartle. The fact that impairment am yams tizks following atartle
may 1ast for at lesat 30 280 lands further aupport L0 our Bellef that atartla effsols may sxbead-
aonalderably bayond tha iniblal period of métor diaruption produced by the reflex respcnsae Lisell,

Io all of the startle studies Just raviaved, however, performance recovary eflechs were studied only
during some portlon of the firat 60 sao falioxing stisulabion. Wnila 1t s cerbainly posaidla that
performandas lmpairment does not extend bayond thia time parlod, startla 1s known Lo ba sccemganied by
rathar proncunced autonomlo {espagially cardiovasgular) ohangea (#.g., Thackray and Touchatone, 1970,
1983), and 1k ia concalvable that suan changea asuld have wore lasting effedta on performance, Thus, a
pronounged discharge of the sutonomlo nesrvous systea cight have a long-tarm activating affast laading to
parformance fasilitatton, or, converssly, 1t might preduves a period of paraaympathetio overcoapansation

resultiosg in eveatual drowainecs and {mpsired pérformanca,
X

I our mo3% recent study (Thackray and Touchatone, 1983}, we uaad monitorlng and {nformabion
prooesaing tasks to examine hoth shock- and long-té-m perforsanos recavery effeats follewing a simularad
emergency attuation {1 radar failure) that waa socompanicd by either 3 astartling or a nonatartling
auditary signal. The subjedt’a prlaapy task was to maniter a simulated alr traffio control (ATC) rader
display., One hour into the session & radar failurd gocurred thal was accompanied by either a loud {104
dt) or low laval (87 ¢b) Burst of white noiss asting as sn alare signal, 3ubjeats wers then raguired to
furo 1n the chaip and Lagin parforming a aizple Information prodesaing (derial reaction) task., (The
zarial reaction task conalsted of a aslf-paced, four<choles reacbion time task in which the subject
pressad doe of four keya in response ta a cdntrally displayed number,} Five ninutes of parformance on
this task was followed by a return to radar gonitoring, In addition to perfermance, physiological and
subjoctire @eajures of atartle and arousal Ware alac obtalned. It was hypothesized that pecforcance
follawing the high-intensity alara signal (expeated to sllait a atartle rerlex} would be signiCicantly
lmp-lrcd)rclatk?e to performancs following the low Intensity 2ignal (expeatad to alloit an orlenting-tyne
reaponse).

Heapt rats responze and subjactive patings of atirtle were donalatent in dacopatrating that the
high-intenaity signal was clearly atartling tc subjeats In this group. Conversely, ths group exposed Lo
the lov-inbanaity sixial did not rate the aignal as staptling, and the alight haart pats decslapation
that ocourred immed{ataly follcving atlmulatlon was consistent with the expsatation thab tnls level of
nolaa would produde only an orienting or surprisd resstica {Graham, 19793, Io spita of these
differances, however, bath groups showad almost identical patterna of pepfovmance changs during the firs
minube following noise atimulation. Relative o prestimulus levels, mean responas times on the gerisl
reacticn {38} taok were significantly sleveted anly durlng the first & asec follawlng nolsay theranfber,
performance reburned 39 prostisulus levels for the remainder of tha €0-sec perlod. A cooparisos of the

reaponad gattarns obbained for the two groupa 13 shown In Figure 2,

Ab firat glance, this lack of any difference betwosn the atartlad and nonatactled groups in sean
parformance duting the firah § zea following abloulation would appesr bo be insonsistent with the
findings of our previaus studiss and those of othars raviswsd ssplier, Since thoss réoulta wers aat
aXpeated, reaponss tlmes during the f£irs? §-00o period wers axaained aore olusaly, Tha tige [rou the
onsat of tha doise signal to tha firat AR redponzda wWas obtained for dach subjeot. Theaa {nitial 3R
rasgonss times, which #ncompass the bime required bo tranailtlon froa the radar to the JN task, wera
plottea cn log probability paper mnd are shewn {n Flgure 3. Although momn time Go zake this fatstal
respgnse {(dealgnatad task transition time)} did nov differ among thed tws groups (2.91 and 2.8% for the
weans of thé high- and lowaintensaity greups respectivelyl), Figura 3 olesrly sugaests a difCerenge Lotwesn
the £roups in range or variability of transition times, An F test of the variinces of the twa groups
ravanlad the startled group to be signifiosntly more variadla {P{1l/14)=2.81, p<,03) in the tloe required
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Figure 3. Task trasnsition timesa for Lhe two groups.

to make this initial reaponaa. An cxamination of vAriability of reaponsea on the SR task subsequeal o
this first vesponss, but still within tha [Lrat G-yed poriod Iollowing svimulations, revealed wariances of
.2869 and .1272 for the high- and low-intenaity groupa respectively. Thase valuas, although i the asze
direation as tha transibtian time variances, failed to resch aignificance (F{14/14)x2.25, p>.05). The
diffargnce between groups in responae variability wee thus confined to task transitico tiok.

Analyses of the videaataped ragordings takes during nolse stimulatlon eclarified theae findings. In
the group recalving the nonstariling noise signal, behavior following stimulption wais extremely unifars;
oubjecta alowly turmed in the chair and began perforuing the SK teak. In the high~intensity {startle)
ETOUp, there werw pronounqed individual differences foilowing stimulation with some aubjeats appearing
dazed snd confumed by tbe nelss while othera recovarsd slmost immediately and rapldly began perforaing
the task. The disruptive effect gf the loud sound for some subjacts coadinaed with the rapid recevery
shown by others apparently bdalanced the generally unifora respofise of the low-intansalty group. Thls alze
axplained the differsnse in the variance of rmaponso times Of the two groups. The increased rarge or
variabillity of initial responie to atartle that was foupd in thiy sxudy is sloaarly sintlar to Lbat
disctased earliar in the contaxt of both voluntary readstion time to atartia and tracking performance
following atartle, )

Unlike tesposae times which, sxcept for the initial tesk tronaltion time, were largely unaffected by
startle, thes frequency of incerreat respooses (representing errora lo infarmation proceasaing) was found
to b siznificantly greater in the startled than in the nonstartled group dusing the lirst ainute
folloving atimulation. Thia finding im in general sgreement with the findings af Ylasak {1969) and
Woodhead (1959, 1969) manticoed earliwr, that inforpation proomsaing may be impaired during recovery {rod
startla for paricds ranging [rom 17 se0 to over 30 sea. Woadhead (1949) haw noted that 30 io 60 sec 13
toa peritd that it geserslly tikes for autonoitic veapcnwes suoh am heart rate to recovar te approximato
preatizulus ievals following startie and that Lt may not be mare goincidence that this cocrweponds to the
recovery period of cognitive perforzange.

There was no evideacs thal stertle affected fraquensy of ertora or mead perforzand4 on eithar tha SR
task oF on tha radar task subasqueant to btha Tirst mioute Following stioulation. Sinse neitber heurt rats
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nor aonduotance level differed among the groups during thesd aubasjuent pericda of 3R and padac
performance, 1t may be conoluded that bYoth the physteiogical and perforzance ¢ffeots of startle are
largaly confined to tne {nitlal l-aln pericd followias startle stimulatien.

FIELD STUDLES OF RESFONST/AECOVERY TO STARTLE

It would be dmairadia té compars labardtopy [lindings of performanceé rscovery Irom 3tartle witlr the
findings .of aooparable studles oondugted in the flald, Unfortunataly, sueh cooparisena are féw becauae
of the pauoity of publishad fiandings. In one of the few fleld studlies of wnich [ ad awarae thal
speedttonkly Lnveat!igated the effecte o startle on performance, Tipermas and Smith (1975) dompaged. thes
oxtent ol dispupion off driving behaxior produced. by unexpeqtad. ale-dag daploymant with that resulting
from hood fly-up. Fifty-on® sais and female drivers ranging In age from 19 L3 784 yeara weve tested,
Al%hougn air-bag daploymenl, accompanied by a shob-liks sound, was exparianced a3 being oconalderabdly more
startling than hood fly-up, both Lypas of events prodused alamilar, marked changes in heart rate, plood
pressure, and akin condugtance. Im aplle af prondurced subjactive and physiological evidencs of startle,
dii{vars apparently ratained conirol of the teat vehigle and were reported ko be luald on quaationing less
than 10 seconds after cushlon deployreat, As atated in their papes, "The averaga 3tesring-wvhesl rotation
wa3 35 degrees during head fly-up and 72 degreea during cuzhlon deploywent. Thla degree of
ateering-wvheol ratation wounld gorrespond ko approxizmately 3 to 4 degreaa at the tire. [n combination
with tha lateral-deviation data, it shows that adequats ateering oontrol can be and 1s malntainad Ln tha
atartle modss tasted® {p, K39}, Although Lhe affecty of these atartling avents mlght appear to ba laaa
than one might have axpsated, L% shculd ba rotad that the actual time-gouryg of parformance racovery
cannot be delerminad from the dabta as reported inm thia atudy, There i3 no indication, howsver, tha% the
duration af perfcérmanae disruptlon found by Ziperman and Soith would dLffer appreaiadly froa that found

in gupr laboratory studlea.

CORCLUILOND

If wo combine the resulta of all studles acnaiderad thus fap, gertain general{zationsd concerning
responsa/racovery following atartling evenis can ba midel '

1. 3imple, voluntary responssa te gtartling atimuli or events qan genarally be made within 1 te 3
800 Pfollowing stlmulakion (Sternbach, 196Ca; Thackray, !985; Thaokray and Touchatone, 1983). In thia
regard, mean time to respond ta 2 startling stlaulus may not 4iffer appreolably from mean time %o respand
to an unexpeoted avent or atlaulus that i3 si3ply surprising., Ik i3 llleely, however, that the range of
responsa timea to the former bype of avent will signlficantly exgoed tha range of reaponss times to the
lattar Eype of avenlt {(Thackray, 1965} Thackray and Teuchstons, 19833,

2, Hore complex percaptuslecdtor benavior, aush as that requicrlng coabinuous payonomatar contral,
{3 likely to show maxismum disruption during this samé 1- to 3-aaa period (May and Rice, 1971{ Thackray
snd Touchatocse, 1970, 1903) Vlasak, 19693 2igerzan and 3aith, 1975), although stenificant, Sut lesaer,
dlsruptlon may seill be preseat for up to {0 2ea Pallowing atimulxtion {Thaokeay and Touchatonse, 197900,

a 3. Evidencs from saveral studles juggests that the sbilily Lo prode¥a informaticn may ba inpalred
for 17 to £Q aea follawing the aaaurpenss of s startling event (Traokray and Touchitone, 1083; 7lasai,,’

19693 Woodhead, 1359, 1968), *

4. Individual diffaerences in the pignitude of performance impalrment following atartle appear (a)
directly relatod to physielogloal reectirity to startla (Sternbaan, 19€0a; Thackray, 196%; Thaakray and
Touohatone, 1970} and {b) inversaly related to level af preatartle taak proflalsensy {Thaokray, {953

Thackray and Touchatana, 19707 Ylasak, 1969},

In erder ta evaluats the relevancs of LNe wbova laddratory and field fladings of responsa/recovery
following startie to dbehavioral responss following real-lifs emergencies, it L3 iaportant to recognize
that unezpectad and traumatlo emergenay sftuations in real life probadly involve at 1east two phsseas.

The (irst phaze, which could be tarmed a "shook phase,™ gonstltutes.the initial reagtion. In this phaass;
the Individual attempta to raapond with Lomediate beRaviors thet are intended to sope with or reotify tha..
‘unexpacted event. Whilas iha beliaviors smployed may appesr to ba irratf{onal and aatually waoraen the
situation, thia 13 oleariy not the Intent.” With sous individumla, behavior sewms to Deéqoma suspendad
(atrective immobility or "freezing*}, although numeroua atudisa of rasponse to disaster (a.g., Singer,
1982) asuggeat that thiz type of response La the ex¢eptien rether than the rule. Whan it does cedur, 4%
appeara to be a rather teaporary or Dcaestary response. In joma acergenolas, the shoak phasa 1a followed
by a seaond phage whish ould be terzed an "evaluative phias,” This phase cooura 1f tihe smérgency
situation hay not baen reselvad during the (ntial sheok phase and i3 dharaoterized by an smerging
Perocption or evaluahlon of the situation in terma of the Individual's ability, or laok of ability, Lo
oope with the edergenay, It L8 during this pbase tha% pania, if no solutlun or esaape asass possible,
my'occur. However, panle, lika affeatlve lzmobility, also appedcs Lo Do a ralativaly lnfrequsnt fora of

disaater reoponas (dingar, 1982),

1P one i3 willing to ascept that the eaobicnal/physielogloal responss Lo atartla aan serve Lo at
lonat approximate the Initis) shock phase of trausatio, real-lifs emergencies, than findings of
laboratory atudies of parforaands pacavery fallowing startle Tay have ralavance in prodieting the tiza
couraa of bahavioral recovary following such avants and may aaafad in our underatanding or soma of the
Axtrama reackiona diasplaysd by individuals in réeal-life emergansy asltuationsa, As we have noted,
labdératary ntudies hava 13clared several individual difference varlables (autonozle reaativily and levsl
of prior task proficiency) that appaar %o be correlatsd with pepformande recovery from ataptle, The
first of thaas, autcaomlo reaativity, suggsata that inherent, aconatitutionsl Motora uadoubtadly play
Soms role La staptle recoveryy the second variabls, task proflolanay or akill laevel, would auggest that
acae of the performanade diaruption rolloving startle may e amenabdle bo training, Research i3 needed,
howavar, te datermine the oxtont %o wilsh individual differsnces Lo reagonad/recovery found in laboratory
atudion of atartla oan aarve Ay useful predletara of disruption/recovery rollowing simulatad samargencles

that alcsely approximats real-tifs sltuations.
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