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Boeing Commercial Airplane Group 
P.O. Box 3707 
Seattle, WA 98124-2207 

. February 15, 1995 

. B-U01B-15140-ASl 

. B¥ FACSIMilE: 

' Mr. Thomas Haueter, AS-10 
: National Transportation Safety Board 
' 490 L'Enfant Plaza East SW 
; Washington DC 20594-2000 

I 

: Subject: USAir 737-300 Accident, N513AU/PP033, 
near Pittsburgh, Pennsylvania, September 8, 1994 
- Investigation Items 

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

Dear Mr. Haueter: 

During the reference (a) meeting you requested from all parties suggestions of 
additional items 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 eVA/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 
accelerations associated with this accident on a large excursion motion 
base simulator. 

I 

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

1 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. Recog,nizing; that the ideal preservation- ot teaving th& 
wreckage ''as is" may not be- a practicat solution for air 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 8x1 0 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 
investigation of this accident. 

If you have questions, please contact Rick Howes, 

Very truly yours, 

FLIGHT TEST 

John W. Purvis 
Director, Air Safety Investigation 
Org. B-U01 B, M/S 14-HM 
-- .. ·~· .:.•: PURVIS 

or me. 

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



Enclosure to: B-U01B-15140-ASI 

1. Human Factors Issues 

Airplane N513UA was engaged in a two degree per second roll rate to the right 
<». th& momoo\ imm6Qiatm~ before. its. un&"Pected encounter with th& wake 
turbutem:a from Ut& Elelta nr: 'The~eaftel:. ~in!J tit& fi~st fi~te seconds. 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.) 
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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 
ot i~ milita~ ttyin9 accide51tS. Cliiafi!peiQW. attributes.25o/c. ot the. ac;:cidents. 
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 overarousal
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 pilot 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 unstartled 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 inadve.rtent application of left rudder, or (2) having an accidental 
or cognitive failure that led to an application of left rudder. 
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Enclosure to: 8-U01 8-15140-ASI 

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 imliglo!t' upsets or emergePreie&r handle stress and correctly uS& tha 
flight> COfltFO~ systems?" 

2. Use of Rudder 

General Robert Oaks 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[ly] 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 NTS8 Public Hearing, pages 1307-08.) 

The training material provided by United Airlines to the NTS8 on unusual 
attitude recovery shows that crews are being taught to use both aileron and 
rudder to recover from high bank angles. (NTS8 Public Hearing, Exhibit 28, 
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." 
(NTS8 Public Hearing, Exhibit 28, 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 NTS8 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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Enclosure to: B-U01B-15140-ASI 

- 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 autopilot was disengaged when the aircraft 
ente~edits.cfuwnwindteg, fa& landing. Tha ctaw. then. encauoter.ed.raiL 
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 FOR, 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. On 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, Newfoundland. 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 FOR readout that the aircraft was close to the trees before the 
aircraft straightened out to land. While Eastern Provincial initially 
suspected that the maneuvers were caused by an apparent lateral 
control malfunction, the FOR 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 
FOR 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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Enclosure to: 8-U01 8-15140-ASI 

The NTSB should address the following questions: 

(a) Did the Flight 427 flight crew respond to the rolling moments 
eJeperiencea irt the wake turbulence- ups~ by apptyin§' and! maintaining 
left ruddel'? 

(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 controls? 

3. Control Column Issues 

The crew responded after autopilot disconnect at FOR 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 Issues 

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? 
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SUMMARY 

CAIJSES OP AIRCREW ERROR IN THE ROYAL AIR PORCE 

J. w. chappelow 

R.A.F. Institute of Aviation Medicine 
Farnborouqh 

Hants. GU14 6SZ 
U.K. 

'., 

One hundred and forty nine military flying accidents were investigated by 
psychologists. Inspection of the data collected 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, disorientation, or prior mishandling of the aircraft. 
Personality factors· al!So made a significant contribution, and the data suggest two 
distinct types of problem. Life stress and high workload appeared not to play a major 
part in stress-related accidents. Fatigue was not a major factor, but was closely 
associated with cognitive failure. 

INTRODUCTION 

It is widely accepted that flying, particularly military flying, is a stressful 
occupation. The real significance of the stresses involved in flying is, however, not 
easily explicated. There are several reasons for this. First, the role of stress is 
equivocal. Some aviatot"s 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 bene£ icial. Although the inverted 'U' relationship 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 raise 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 restrict·ed by obvious ethical and practical difficulties. 
As a result, the effects of relatively benign stressora in mild doses (eq fatigue, 
noise, hYpoxia) have received attention in the laboratory and, to a lesser extent in 
aimul~ti~n~ 3nd 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 deleterious effect on 
operational effectiveness - perhaps in proportion to their significance in the aetiology 
of acc1aents. ·rhis qiv~s the investigation of accidents a signi:icance in addition t·J 
that derived from the enormous cost of individual accidents. Clues may be 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 conduct 
independent investigations of 'aircraft accidents in conjunction with the established 
Boards of Inquiry. The data discussed here wete collected in the course of these 
investigations. 

MBTHODS 

By the summer of 1988, 149 military flying accidents had been investigated. A few 
involved 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 recordeJ: tapes, recordings of radar traces, radio 
transmissions etc •• 

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. 
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RBSULTS 

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 ~- The full list is in Appendix A. It is intuitively obvious that the factors do 
not all have the same logical status: Some are enabling conditions or predispositions, 
rather than direct causes; others describe the way in which an error occurs. An 
arbitrary division of the factors has been imposed on Table 1 reflecting this 
consideration. The three groups are: Aircrew Factors - predisposing conditions some of 
which are under th& control. of the ai.rc..r::.e.w" o.the.z;s. b.e.i.ng. mot:e... Q.X;; ~ na.t..ur.a.l.. at: inna.t.e.;, 
SY.atenr Fa.c.tors. - enabLing, conditions, enQAn.d.err.eq.. b,.lf h,i.gA. w.QJ:kJ.,Q.aA,.. i.n.a.d..e..q~.i,e.s. Q,f. 
equ·i:pmene des<i:gnr Or' trcrirring, e-tct. r ant! M'ode& of- P'a.il:ure- - ess-ent:--.i:al:IY' des-c~i:p~ions 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 

AIRCREii FACTORS 

personality 2H 

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 illusion 12' 

A few of the terms in Table 1 require 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 a non-adaptive response to stressors of an exciting or alarming 
nature. Similarly, 'under arousal' denotes 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, pilot's guides, 
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 covers errors due ·to the formulation of intentions 
on the basis of incorrect information or assumptions. 

The early accidents 
interest. The terms 
to investigate any 

in the database were selected for their obvious human factors 
of reference of the scheme have c~anged, and now an attempt is made 
accident in which aircrew error 1 is considered ·to be a possible 



contributory 
of results 
expectation. 
trends. 

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

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 
esssntia.!Iy n~ra~tive- ctae1:a ~ibill9! a.c:a.itden:te& w.it:b. comple-» causes... It. is. en.tit:el.:i 
p.o&~.i..b.I,e,. that. s.ome, ca.t.eqpr_i_es 11 such': as '·ctisorqan.J:~sett- t'"espons&', a-zra-. infla.ted a.s a. resu.lt 
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, lightning strike, fire or low fuel state) which was regarded as the 
stimulus for overarousal. 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 other 
cases were due to a variety of factors other than overarousal. 

Table 2: O~igin and effects of a_cute overarousal 

Origins of overarousal: 

Mechanical problems 19 1 

Mishandling 6 

Disorientation 51 

Anxiety or other personality factor 4 

Supervisory defects 3 

Cognitive failure 2 

High workload 1 

Effects of overarousal: 

Disorganised response 

Narrowing of attention 

Cognitive failure 

Slow response or inactivity 

Precipitate action 

Minor or undetermined effects 

4 

4 

9 

1 One accident included in both these categories 
2 Two accidents included in both these categories 

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

Five accidents involved overarousal arising from disorientation. All five resulted in 
the loss of the aircraft. In three instances in which the pilot was killed, it ia fair 
to say that overarousal was assumed to have been a likely concomitant of the 
disorientation that was 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 Personality). 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 sorties1 in another about the possible effects of high intensity radio 
sources; and in a third, a qeneral 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 



important action; and, _in t~o cases, precipitate and probably unnecessary ejections. 

In two accidentS supervisory failings resulted directly in pilots facing--Dove! 
situations with which they were ill-equipped to deal. In both cases the pilots made 
errorS leading to their losing control 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 
imp.ed.ad.- J;eaal..u.tJ.An. a.f. th& prabl.ems.._ In at further fi:ve- aceiden"t!Sf,_ ceq:re.i.,~i:-v& f~i.l.u:.rE!
appe&J;s. t:C~ ha:.\le. b;e.e.o. a.- ra&ullt rathe'll thag,. a CaAliS&" O>f' ovePal!:>OUs'al .. 

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. In 
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 safetyt 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 immedia~ely preceding the accident (two 
cases, also listed under fatigue). 

Marital problems 
incompatibility. 

two cases: specifically worries about in£ ideli ty or 

Work problems- five cases (two also involve domestic stress): excessive executive 
responsibilities or secondary dutiest conflict 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 l 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 periods on 
duty. In one case night flying over the previous three nights was thought possibly to 
have caused fatigue on the day of the accident. In five case the fatigue originated at 
least partly in social or domestic activities. Cognitive failure was the main 
associated mode of failure <six cases>t there were also two cases of apparently 
controlled flight into the sea, two of failure to avoid rising ground and one mid-air 
collision. 

High workload: 

Although 21 accidents 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 involved training in demanding operational conditions, 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 
<eq illegal low flying) and exhibitionism, as well as pressing on into difficulties 
without much thought. Two mid-air collisions and four collisions with obstructions, the 
ground or the sea resulted. 



Supervision 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: 

CQ.<Jnit:ivat· failw:e.. wars. a pJ:i.In¥.~ GJ: c:.ants.ib.u.t.o~~ CauAa of. 2.6. acc.ide.n.t.s.... Nine. of. thes,e. 
inva.lved' acei::ons. omitted- by t:heg;. ere~ usuaollys. f:rODJ&. c. -.&er~ famil.ia.r; d.t.lll.t. 1.9- i,n,val.ve.d.. 
substitution of inappropriate actions for those intended. In seven- c-aseS", dis·tFact:ion 
provoked or enabled the cognitive failure 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 

Overarousal: 

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 overarousal 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 - to 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 {)}. 

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 (5) found a number of life events to be associated with involvement in 
aircrew error accidents. These 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 h~our concerning self. 

Experiencing difficulty 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 
str~ss? As indicated above, in only two of the 17 cases where life stress was recorded 
as a possibly relevant background variable was it possible to see a direct relationship 
between the life events and the behaviour that caused the accidents. These may be 
regarded as rather special cases. 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 Haakenson (6) came to a similar conclusion after 
surveying life events among Canadian pilots. This would probably represent the attitude 



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 
a.r: 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 oblivious of or slow to recognise risks. Levine 
e.t al en f'ounct that questiomr~iret items C"OnC'errrect wdtl'r adventurousness. or risk takinq 
w.ex;a aas.o.c,iatect. w.itb. accident._ oc.Q.u,J<;r.enc.eB.k amon_f$ tt •. S~- ·N·a,~¥ a..:~ia,t_or_aa.- Itowe..v.er:, 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 validity 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 (171). This represents a peC'uliarly difficult problem to tackle, because, to a 
large extent, being well trained and experienced is a requirement for this type of 
error. Reason and Mycielska (11) found that people reporting cognitive failures were 
more often preoccupied Cat 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) 1 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 Cl2) showed that proneness to cognitive failure is a relatively stable 
trait and that those who are prone to cognitive 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 cog~itive 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 systems, 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 equipment, 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 questioning 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 levels of stress or the 
cumulative 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 



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 cognitive style. Fatigue made a small 
contribution to the accidents investigated, largely in connection with night flying and, 
interestingly, tiring domestic activities. Nearly half the accidents involving fatigue 
were due to cognitive failure. 

Twa di.fl.t:i.~e classea of p&J:s.Q.Q.a.l.it.y pJ;OQ.l.em. a.x:.e. dis.c.ernible in the- data. One involves. 
overarousaol. .ino l?e&penser to- ame::.gen.ci~~ QJ: ct.t.hEt.z;. d.e..man.cUng. c,ir,cumstances:, anc! appears to 
be the province of" unstable introverts-. Th9' otheP invO'lve-se: &x:c-it:emen·t s.eelU.n..q;. 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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Appendiz A: R~ fac~ors c1ass~fication 

AIRCREW FACTORS -. 

alcohol 
disregard for rules 
excess of zeal 
e:a.tigue 
tryp<>q'lycaemiao 
inexperience 
joie de val (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 
sensory limitations - visual 
social factors/crew co-ordination 
under arousal 

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 workload 
under fire 

MODES OF FAILURE 

cognitive failure - inappropriate action 
cognitive failure - omission 
disorientation 
distraction 
'giant hand' experience 
inappropriate decision 
inappropriate model 
inappropriate spatial model 
overarousal 
slow response 
stress 
unawareness episode 
visual illusion 
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n,~1ctt•m (~nt.'\11, frie.sen, and Stmon.s, 19S5J La.r:tdi.:~ an4 H\lnt" 12ltl .. AJ.tAo.u&tao.t.h..-.~u.oa.l.-.rtiCl•,. 
·l"''''r tu~:·l tot detr"n by. Landi.» an<l' ~unto < tnn. is o(~.,.. ~QlliWIM.o<l> b-0> d~• ta .. M;on<o• pa>•••rrr ln. t.t .. 
•)'t'l't:i'l··~t:-r., t:h« t_a.t:a..t. ~tto.t;'n- i.n.al\4d..e& ptlY{I!iolotld:a-al; a:!' .,..tr a-_.. suttjoal::tve eo11~nont.s. t'he ~hy510logLt;:&l 

. l"•!:lpon:vt ,~,"'11,:->i.:Jt~ of a pronounced, gtneraH~•d 1r.ar~a.:3t Ln. autono:U.o L.,d aent.r:\l Mr"vot.UI ay,tc:na act1v1t.y 
,,,,,t lt;~:J ~'1•lt1 d•.!orlbed ln tletail by Stern~.a4h ( 1?60<~). Tht:~ 9a.t:•rn ot phy:Uol..,IJ.Ooll I"03pon.so, khen 
•:11l\J.11''!•1 "lli.th &'-'tonolll10 r-ossxm:~ot ~tttrn.. produco4 hy exerol"'' t:ho cold pre:~.11or tut, an~ 1nJ•~t1qna ot 
•Jptnt: 1>hd:lft .lud nurepJaephrine, hd~ bt•n t'ound to ol.o.atly r~::~e=ble the PQtt•rn produced by ep1n~pnr1no 
tn.~t':•";J,1u!1 (!it•rnb4oh, 1960b). 

11'111 t•'dinS st..1.tw avo\cod by 3t&rllo 1~ more dt.r!"la,JU t4 o.bae1.!'y. wt\U• ot~•n conJJid.ore-.1 to ~ 
r·•n,,tc•i t<J thtt emotion ot .surprtJJe CEklsln, Frie:son, and 31mono 1 1985), ott:er~ havt1 !denUriod it not onl) 
wlth :Jth'PI'b,ll 1 but wHh (ear .md anaar oU Wll (Blatt, 19:25;: t.s.ndh and Hu.nt, t919J Ska.Ue., '92~). 
fi'"II:.•)I'')1J!;tnitLY enough, t.he epi:tephrldo-l.t.l(o phy;J.LQladoal pattttrn to etartle tM.t W-.1 r'loted abov• 1a .U.:to 
i".hf) ~har.1tltl"lr"i.StiO pattern /OU:td t<O h• pro,J.uo;of1 b7 (.ar .. .tndU<Iing dtUatiOn.:l (AXp 1'953i 5oha.OI:eiH't \9$1)., 
.\l.tl\t.lll~ :"\K\"t1~1~ that. t.he tee11ng statt 301Joo1at.4d vith tttiLC""He appear:s O!loeo~t, to hJtr and an1or, 
l..m.:t~• ·tn•t 1runt ( 1?39) c;onaidtr tll4t !t MiY be ~.5C to dat'in• ~t.artle a~ preoQot1onal. Th•y nett th..1t 
"tt. •Joe:~ n-:'lt J'tt.:lnd. !.n t.h• ~• groug. ot Phenoo~na a.!t tho u.jol"' el!l6tions, yet it :.-eom.1 tQ b<e olo:~•ly 
r.,t.l!':•~·l t.o them. and to b-dons ,sentrJ.o:3.l.1Y in tt:e .;,e.ae t1old. .tt U ll'\ inae_dlah rotl•x ro:)pQnU to 

/..l~l·llf~n, t.llt:.•~ti.:Jo ati!l:nila.t.ton "'hioh doaande Md.l) <)Ut•at"·U\~ ... <'Jrd1.r..l.l"':l t-r~~~ent-'riy-tbo orpnl.!tt. A.s .auoh it 
j p.wt.,k.~.; •JC tl'.e n.1tUre or a.a e:~ergt"trtoy reaatLon, tl\1~ .Lt. ia a r•pld 1 tran~itory rupone., auak oor~ ~lt~ple 

11'1 tt.-., fJC"~'\nit..l.e'L.cn Q..O.d a::t;~reuion than t:ho 40-<"all•d temoGLon.1'" (~ndi:~ and. HUn~, t9'39, p. 1'5'3)-

\n •l :.stud:f oonC-Ilrne.:::l w1tn th«t quutlcn ct why .,Clllle tn41viduale ~-e~.:a to •rree24, .. wn1l.4 at.~,1St'l ayt":e.ar 
~~1 r.,.,,~t. ot\lll.03t !.n.s.tantMeou~\y in ea•r.11•MY ~ituat..ton.s. ~t•rnbaeh (1960a) ro&~on" t;lle,t .:at.artle 
re~u\t.lnJJ r~·•1•4 a loud &u.ttt<Jry otiliUlU.t Dli..s11t b4 u~&d to appl"'oxiu.t• the pr1no1p:~.l oo~~Sponont.:l (.1urprtot,. 
roJ.w, lnl:-<r.n~., phta1olog.1c;a.l a.rau.saL, and t..mporal"y blll~a.vior-al tlbrupe.t.on) th4t art oommon ta IUI1Y t.yp•:J 
or :Juddf')tt 4)a:.ftJ~gctno.l•:~ a.n4 hanoo prq\'1d• .a t;echtUq".J• ttJr atuc:l)'ins b4havJ.ol'al recovery roUOV'l1:1$J: trau:a.atio 
I.'VCilt.j un•hH• labor&!:.Of'Y ~~tkJi~ion.1.. n :1..3 s:•n•rally a::oopt~ that .,_uddta fa:IOI'"&•aoh."" trequ-l!!o!;ly, J.( r.ot 
t.yplc<\llt, Al.lcit rt~•!i!lSt ot tear~~ ll1xiet.t, and, a:. ll• bav., ju:~t t'Qt.ed, a nwa~Mro <:~r e.tudiu h.ave 
•ll111h1t1:Jtt·atod that 8tarUe dot• ovokt &D. •xptr1ttnet 1 alb4Lt rather tr.a.n~1Wry, that ba.!) "been i4ent1rl.e4 
not on1.y wLUt durpri.se, but with. r~ar u wll. 1'\&.rthert t.hr.. phydolol:&ical r.e~pozy:• to atortle, vn•n 
<::•.,ogp.w'!!! wtt;b t!"l.a autonQa:sJ.O ruponee pa.tttrn.a ~roduaeod h;y & nu.mb•r of ,!ithtr ~tr-.u.ort 1 ho.:s bu.n roun4 to 
~no:tt•l.y r~.Jo1<1'1t"t \e tht 4~1a.phrln4 p.a.thrF1 .,~~odated ltit.h rear .. 1.llduoinc !!11tU4 tiora. Taluut 1n CQnji,I.Qat.lon 
wlth t:.ho 1..-u,.J L:J and. Kunt ( 1939) b•Utf ~hat tho ti-Ot&l .st.ut.Ls pattern ree~a~blu th.a.t ot an emergtnoy 
t'~:t•lt.lan, lt \.loutd not. s.•c W\to;la.or'o.ab~o to 'otl.~cve that ~tu4Ht4 o( n.::spcnu to :~~a.rt:l• IS!sht provtcl~ a 
II:Jilful L1b•.)t•;lt:or)" ap~r-oa.:h ~;., tho acudy or 11\Wan be'Mvt.or in 3UG~•n .strt;U •ituaUon.s. The pras'tnt 9.1.,.r 
.1•1opt., f'".h~.·J poa1t-1cn ""d raviewa f"'tt~~a.rc~ etncUnes r~hv;u,.t to perroral.Qilaa reoovorr fro= atartle. No 
.\.l:t1:•~pt l.i .miltl hare 'to doo~•l1~ tho Methodolosto.."\1. ~cru1d"rat1on.s (e.,,, stimulus l)&l•&a~•t.•r:, 1 modif)'lnc 
v:.a•LtDloa, oit.('(o.rontJ..att.on ot .st.artl« rroca orlt~t1ng and ct•t•n4h'~ f"l!l!l4"Xt>t, •ueuretMntl r"•qul,roraoat:~} 
\.'n.ot.c .~u.,e l)., rooosnh•4 1n c.errying out rU~!"eh in thh ~··· R<Olonnt rq&~hodola&1G&l con.sidtr&tione 
.\I"IJ C"4'1l!!W•!•I :.>r dt!loritled by Grl.h.aQ, t979J t..ar.di.J .and Runt, 1939r ~'V1, rr'iecoen~ ..00. St.mone., 19$5J 
R.,:-lk!..lt, !Coi".·JflS, :a.nd. Devor, 1969, and nta:;~kr&y, 1972, 

u ... ,,,,..; :t p1~tol ebot u th,. 4t.!.aulY.a tor 1. r-oQ"Uired l:n.:tton pres.:l rupon.se, Sternb&ob { 196;a) touno1 
t;/l;lt -,o\urtt..wy raapon~e tia.-• to et..lrtle .tt1a.ulat-£.tJn r&r.!Jed.. rrrJf/J 12S to 31 <62 muo 'of1tb a !11.081\ (edUoa.ttd. 
ft'Crt th•l ,~., t:\) or 950 tz~Ho. .Stel'nbacn •' prtc:t.~rr otJnt:4rn, ha..,.,v"Or 1 w&o :\Ot V1 ttl f4 tablhhina: tht .J.OttUo \. 
rnflf4:4 •>r' 1 i111l f:. • .,- ot' t'ol6.spon:~e ';iae to MLtwtl:lns tventt, b1.1t. r.tthor with 1nvof8t1S:&tii'IC poyc;hophydolccioal 
.-:Q'''"QlhtiJ3 ,,l" lnd1.v1dual d!/tereno•• .in tialo to n.eponcl. In th1a MIP-t'<lt he auflin-o4 ph::ta~oloa1.04l 
\"''~\otr.~t .\n•i ,·u:-tporu~• lev •. ( .. ot' th• 10 tute~t M4 !!lovut r•a.otl)r.e to :~tarth. While th•r• wad no 
~~IJ,nt.t~.~Sfu\ l'fllatlon.shiP cr reatin« pi'ry&iolosioal l~v.u to roaceion tt~e, r.st and .sl4lf 1'44.Gt.ot:~ d!tf•rtd. 
."JL~rllftcl~''elr \n t.holr pnya1ol.olioal re:spcnse t.c :.tar-clt on a numbea .. ot var1.1blt!ll .:~low J'a.aotor.:s showed • 
tll~llrt•,."lnHi' tft·eator 1noreaa4 in ~ystoH.4 bl¢04 pr•••1.1ro, pulse prn3Yr'~~ palca.r .skid oonduot.v~co, and 
he:\rt a·~tn t.t.:•n did ('aa\ re.,Qt<Jr•• I.n &<S01t\¢t\ t.o greahr a.utonomto rea~nad, 1ntoraal :~t.atf~~:~tnt• ""'-d• 
by .1t~w r.).l\Jtr1r., (o.a •• •t krvnt I wa.t "uppo"ed to do :~oa~ethins, llut I eouldn't think t:Jt it. at (ir.at • ., "I 
U\fm~e .. ( pt't!3-'tld it. at. /.tr.tt, th.t:l I realtt.etl t ba4n•t~" •tt took mo a ~om•nt to reali;• JilhAC. X had eo 
I)Q.,") ~~~~tl:lt<l•l Ar~dter oognitht dhruptioQ U nllJ ntJ .:~uoh .Uat•mer.loe Wore mal:!~ by t!lt ttJ"Ollp 0( fa4t 
t''•l;\IJ t.m··"· ·-· 

A :UJh:,•>·Jltent stu4y by tMekr.ay ( 196'J exttnd•d t.t\4 3tt~·nbaah ~t\Jdy ~y 1no1Ud.S.ng a ~e:1pa.r1son o( 
; t"O:lpon:).•' t'':\cn to h18h-1ntenll1.ty1 .at:arUtn& nicauU wttll r•aolaon t.t.111e4 t~ non.startlt.na auditory .5t.illlu.U. 

v ~~ n,, Pl"11lot~"l lnl:~11t .,r th:L.t ia.VtltlsaUon._wa3· ~a pro~J.d&. ba.1olin~··data tna.t .aJ.aht tle ue.ed t~ •:.ti~te~ 
· pUr>t I"UI)on:u, · u~:~u'•to pot.nt.~•U.)'_· or1\1Q~~~~~~ua.t1ona, !!lt.tOll as· un•ltPeQI:.bd. ol.,.ri.•ir turbu1enoa or • J! 

.1u<Jde11 ht.tura 1rt An aQtOGatic:' OOntr~l .S)'4t~. .Sl.lbJeat:l WUO J.n.Hruoted ~0 C"lliPOnd tO any audit-ory 
:1~1nuttl.':l by ~~oYLtiiC a l"':Oa,tr<)l. o1~.1o.\C. a.s ra.oldly .ft:t po3aibll to the lert atid o~~lan.u .. ~~ouoly tlJ.ppit15 baok & 

,.,_,.,p.:n:,., buttoJ•\ tC'Q&ted on top ot the stlok- The tiret. _,Htaulua consl:.ted or an u.n•xp•otedly loud bunt 
tJ( L!Q ... ,Ih nob~~o' th1.11 w.iJ (oll<•Veo.l bt a atu•iu ot 50 low-.lnten..tt.t.y e.U4t.t.l,)ry t~timull at oaut:a.nt 15 ... 0 
\ute,~v:,\;1 ."u'ltt "'" rtnal 1~-clb .stJ..;wl•.1o. Tho maan (&93 m.lllt')) -.nd range (356 to 1100 •:seo) ot ro.,pon.u 
t1QifM tq tho taiUi&l hi~-inten.s!.ty ~tiaulu:s wn .aicUlar to trto.se obt&it'lec1 by .se-ernbr.oh. L.tko 
-~t~l·nh\\ch 1 autono.nia reaotlV1.t)' io at•r'tle. ..-.. (ov.n4 to bt poa.ltlvdy oorrolattd ..,ith rtepon.tl+ ti:• to 
'Jtl\rttl'l. lbtt .1eoond htat~ .. in~onai~Y .1ti1111.1lU-1 pre:~ented ,, eta attel" th• ur1o.s ot low-tnt•n•1tr atta.ul1, 



and \deb no iadieaticn that any~hi.O& ot~r t.haf\ MOther- lov-i:lt~~n.sity :et\fltl.llU$ vr:uld. OC¢•.tr, YUlded. a 
aao (.1;16 D.MO) •nd l'M~ {167 t.o \550 u«te) or reapon,;-e ti.mlt• t;hat vert: cotmi.de:-ably lCN•r thu thAt 
obtained to the (i~st h1gh-Lotac~it7 atimulu.. tntare•tingly enoush, •ij~oecmic r•~PQ~Q to tt• ••eond 
lo~:d. ~tUtulU3 \orLs round to b\t lnYersely r•Uted to reltponu tiJI:nl. nw.s, llhil• ugn.!.tud:IJ Q( autonocu~ 
Nl:sporur• to the 1nHi•1 lliSh-:.aten:~it1 .1'0I.&Dd liU :fireC"~ly r-.latad to poer:orunCil d:Hrup~i.G-1., autoMIIlit 
N'fWQnM' to ~ 3000A<It Ud .w'bjut1nl:r l.U •t.ar.;1~s: Rt.tnd, ,..... •a~lat.~ Wi'SI'l pec-frrt"ll:UUl<:• 
t.eoll1t.at1ma. oao ~t nypotM•I.M tiat, Ln -..l<lordN'In ntn tl1• pr.a.J.cu.oc• or aot<ivauon t;~sor)' 

(~~~ 19~9), a~al l•v•l to tb4 1niti•l •tart1• ~• •uttioten~lY niah eo 4~arup~ p•rrc~. vh1l• 
~~ ~ ...... ~'lofi~ tbe~~ fi~·~ ~<It f'otClilitllt:•P«rf"orct&nOC.. 

UtbolJ3ft po•U:·1•• aorr•U.Uona w•re tot.lo4 betwteD. reacUotJ tiJ:te3 '-o tl:ta low-tntcntttt;y aoun4e (M=3S6 
e3eo) •nd ~O:t• t~6 tO ~e AiQft-!ftt.D!ity, etartliAS •timuli 1 the aa~t int!rt$ting as~ot or thiS 
tind!.ns: vaa that •tart;.le a"~t4 t.Q ::.a,cc.i!'y -CifrG-rot'UM:t batvttn !nd1.v1duala in thf.!r r;:~ac~ior. tieeJ to 
t1M lON-il:lt-.natt.t .. non•t.a.rtllcg toa.a: i. .. •~• •lov re•ponHr• un4•111 to l'H;-¢>14 evd more ahW"ly. v!\ih 
t.he t.st. ,...spondC'4 110re rapid.ly to abrt.l• trt1-.:lat-ion. 

While tbl $tU41•* 4taeribad aboY4 proVLd• ba~io 1Pfor=.t~on on ~~ time req~~d to ~ a diaoret4, 
V~luntar, raapoase to etartle1 they f&1l to tndieate ~ther thi~ tt=. tram• •ocOCQaoae3 all qf th• 
4i~truPU.fl •troot:~ ot .st.ll'tU Ct< ~tllier ao• d:.NptiQC IUl' ed:tlftd ber<md tbin- perhd. Sinee thfl r4fl~~ 
D\11o.le r.aponse t.o abt<:"tl*• dt:pottedinc upoa the i:lt.-"•Ur or the l"'UCtion, At\1 la3t rroc -3 t.o 1.5 ••c 
(Lan4is ADd BUnt, 19~9) 1 it 1• .Videut tha\ • a&jor portion ot tht tioe req~ired ~ eo~pl•t• ~ valunta--, 
re•poaal!" toll«Ninc 1!St4r"th U a cfiJ:"eQt re,t.tlt ot thi,., "tl.x lllt.•l'"f•l:'"l!!lt'le.. Tu p:-ovidi!ii 1ororAJat1cn <m 
poS$1blft 41orupt1va wtteot~ ot ~tartl• beyoad th1e ~~iod 1 tb.okr'7 .n4 ~h$~Onc (1970) stuo~•c tO. 
r.oovery .-.t.. ot «loot;\QIJ()1.111 ~yc:lvn:totor per!"~c• t~ll~ et.artlo. Ii1 th.i• •tudy ~ •yb:J•eh p4rt'at"tN<< 
a OCI::IPCJnHtotT t.NIC:kins; t.l:s)c eo:1titl®IJ:tl:t du:riq a 30-a!a p«~riod. A 11S...db bl.:r•t Qf wbiU UQ1n OCOUct"N!Ki: 
uo•XP•o~b a c.!.n 1::1.t:o t.be uuioo. a.ad ap;Un at ttw a.iddl• of tha us,aiou. Tr.aol<itiit .:•:oor durln.s t.r-6 
r.il"'$t «Wll.ltt. !oll~ tb• !n!.Ual at.a..r-t.l• •tisulu.. :1• •llo~ 1n f.i.&ure: 1. .U•o sbo\fn i.a tr:b fiSUN arv 
the N~::t:poase/neov<u•-; eun;a:t tor b~ua.rt nh t.nd •kin ooc4uo~o.. .l.l.t.houe:f\ M.X.l..D.,).Q pet'rorman.ttt 
¢1•ruptton ooaurred dur1~ tht tlrst 5-&00 meas~t per!04 rollOWidg at~ation. ~1gnirt~ant (p<40S) 
i=pa1rk~t ~ vt111 present 10 s•¢ after stArtle. 

-- 1Utfllf'i (JI't\:'1: Mfl 
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Vi.a'J~ 1. He4U1 t.nnicJrUJ e.rr<or, maxi-. heart "te 1 aAd QODd,uct.aoe• uv•l d~ O:ueeu$1¥• ,_ .. c 

intorvala tollOWlJlS .St:l"tl.. .U.Io .StloW lire prc-.stJutla nlu..a for Ua.b .,.ril.bb. 

na. 4illlruptlCMl in tracll:b.s p~u·•(l)rmii.Q041 1 p•roabtina J.n~ tl\a lO··•u potrlo4 tollowiQS ttart:h 
•ttlwlattCJG, o1.-rl.y IX'tt:rl4t'~ beyolld tM 1.D.UU.l dJ.Jl"Uj)ti411 ~uaed by tu rtnn r••~• i:.&•u a.ad 
'WOil.14 appe~ to be a mJ:U.ra.Lltioa. ot • loa&W' l.aat...l..nl~t mor• p.n.eral pbrai.olosio.a.V..otio:wl. Nl'JPQP09 t:o 
'-ftl u~oud no1M atJ.4lll..l.tio.a. • Sufi~ ~Ot" thla vt.v b ..,...tiJd by tb• •pJW"'flnt: oovllrbt.:t~ll ot 
ftta..t& n.t• Wit.n ptt'CO~ tbat. U abOv:\ iu PiPN 1 Md tat ·~..,... to •rtad at 1•-.ot S.nto th• first 
30 aae tollo~ ati.ulatioc. (%Dotdttt<t1)' 1 1t 1e ot 1nhrest. to note 1n th1a r11Urt tb.&t ti.anit1CUt 
pertor••ru:wt i.Bprgv•c.nt ooeurr.d duric4 the 8th 5-ao<t intcrql toUovinc st.,.t.le; racUitatioo 4\:. tbhl 
eue looat1<m &lac acOUI"t" tollwHC the uecM st.vtle atiiNlu. Since nd t:.her of th6 &.ato!lOI:aio 
aoasut"U Sho;tecl. acy ~J"OS~ ~'lD.S41 dtU"i4g: tl\i.a tJ.et per!o41 :JCDC ceatl"*l uervou.;s .:ry•t•• taoilitotoy 
J)t'Oc::leea U augute(t.) 

'l'bo pauorn ot partof'Mtl~ ~ and: phy:dclocica1 rosponM: to Wlo uCOlW2: or the two •tartl.e 
et.touU, .altbQUC}t of' .!IOIII.ovbat. lover JNCftltud.e, v.u qulk dcaihr l:c th:tt •hOwn in F1sur• 1. Ot :Ult:•n"t 
vaa th- tiDdinc that m&&Oltud• of trae~tn& ar~ to the two •tat'tl• •ti.uli wae &l;nlttcantly C"crr•lat•4 
(r~~:,60, p<~OO, 1'hb au~blri ut to ten~~ two wb;roupt or eubJ•ot.. ~~• tl"'.ck!ag •r1"Qr t"ollovin& botb 
3Urtl• .v.o.ta plao.d tMa a •tttwr tbe top third (h14b !d:pa.il"'tUt) or bottoll third (low iZP'lil'M.Qt) ot 
tlut aaH~a-.d d!..atM.but.iou. JtdaU-v• to J)t'•IUitutU tN.ti\t1..C& ~rrorllZ:lo4' 1 tt vat to\144 tl\a.t tbe 
h1&tl-1Apatrw4fl:t goup al.110•t dol1bl•4 1= tblttr trJckina: •rror •ooru :Luedut6ly rcllov~..nt: o:Wll'tlar tM 
low-icpairc.ot group ·~•4 lit:lt c~rtre~oa bt~ tbeir pre•t.rt1• Jnd po~tj~tlo l•v.l~ or tr&Ckint 
error. llitb ~rc:! to -phJ019l()g1Qtll rt:SPQP.JO to •t.rtle 1 t.he l\14b-ltiP41t":do:t SX"CUP 3hovtd ::ds;:lit1aa.ntly 
!rea&•~ neart ret• acceltration, but the croupe dtd aot ditt•r otcnirteantly (p>.O') ln coc4uc!aaee 
char.:~p~ 



1 Jlttl4y by Vla15alc. (1915?) 11ktlt!..!O 4va-lU11ted 1ndiv1du.al flitrerctneeJ 1n psyel1.ol:l()tar dhruptton to 
~tartle st1mullb1od. U3irt& 4 d1mplo llne•tr~olna t2a~, Vla~ak ~tudied dltterence3 1n Ptrto~nos 
dlat~p~Lon ~o an unexpeoted 100-db 30YOd troa a K1~~cn horn, His rtrtdlns• wote siSila~ ~~ thcao or 
Thaekr>1 an4 tcuooatono {1970)J perr·~·· 1mpatr=ent ro!low!ns •••rtlo ~·· rolattd eo ~-lor:··~ 
Protiotonoy• with le~2 prorlai•nt eubjeQt~ b•tna oon~lder3Dly ~r• dl~tuptad by startle~ Aa nQtt~ 
osrli•r1 thnG~raY (196') &130 (~ur.d ~Vidence to ~vggedt that. wi~h th• part1~Ular r~~oticn t~~e t3~~ 
••PlOY4d, startle ~4q4ed to •xaggeratf prc•xis~tng ditfdreno~' b4tv•en 1nd1vidu•la ln their non•tartlc 
r••pone• tt••J t.o. tho ~~~~ Qea~• d~over nnd tho ra~~ respond•d ~ith •van short~~ 1attnoie3 to 
.:lt6r!;l... !akt1t tog:"t:her, th• r~au1t.:J (J(' the.eo. tnNe- .nudh3 3UUGst the ~ltnOC'al h:tpt'"lth•d:s tl".o-c. tho 
exte!"t ot dl.!lrupt.l.on rol.lov.t.n.a :Jtarth .1:1 dependent u.pon pre:.tartlo level oC per(orm..'\n~o, wi_tb. th&. 
aroat4ut iln:R~&inR•n.t. 4.1Q..tl.IJJ::r.!na.. ~n• tM~ .,.._ a.v-flt t:),L.t:h.W' ~lo~ Ctr' leu~ p-rotiobnt. ¥L' tor tA ~~c-U• .. 

Bli('(lr.cnmc-lu411'\8" t-ft.l..s- ~oat:lon it !lhOUld be notod that b-Qth Vhsak .-nd 4 suo.uqu1Mt 5tt.;dy by :-t'y and 
R1c• c 1971) tow-~d t.h.o t,o~ill ctur'l.t1on ot" trackina im?Q.irz&l"j\. ro1lolfinR .3tllrtl6 to be o.1ly 2 to J ~'lo 1 • 

v~tch 1~ con~ide~ably l•~s th4n thAt found 1n th• rn4okrsy and To~eh~too4 ~t~dy. In a rtexamlnatton or 
the1~ data, Th&ckr•y &n4 Toucn~tone l1kswi~e found maxi~~ iapair=~nt to accur withiR th13 s~e ti=e 
period L1d oonolude4 that at l•as~ ~Q«e Qt tn• d1~rugtioh thAt take~ Pl~~• wtthtq th• '-~eo period 
foll~ing e~rtle l~ attribu~able eo direct A•chan1~1l tfftOt8 O(' the ~U~~l~ r4tl~X on DOtQr ~Qnt~\. 
HQvey~1' 1 t.b• ta'lt thAt thackr.tY anrJ TOUQI'\tJtont (Our.ti !;:"1Ci<111S: f.•rfot':;wJ01J t.o b4 .sigr!./.1.'-'a.nt.ly 1.Glp.a'iratl 
tor Up t~ 10 ~G4 rolloNin~ ~tartle 4l•LrL1 d•d0~$~r·~·· +~~t d1~rupt1VQ etreota tran5oend th• tt~ p~rio4 
that ona ml&ht rea11ocably .tttr:lbut6 to ~Motlart1cal ettaat., or t.ha tt~r\lo r-ot'l.tl< •.. ThO lonatr P•riod ot,· 

~ 41•rupt1o~·t~~4 by tnaokraJ and rouchston~.~Y h•v•.~~en due tq the uat or • sort dittioult tr~cktng 
ta'k artd/or the u.e ot & mo~• r•(1uo4 ~4ur• of trnck1ns error bDAn was us~d in •itner th• Vl•~~ or tht 
Hay &ad ~!co study. ,. 

HECO~Rr OP COONITlVB FUHCTIO~IKG FOLLO~I~O STAR7L& 

.Uthol.lgb l)tr~pt:-'11-ctOtqr r-~~o'ftr!' roll01ftns t~~artl4 appear.s t.<l tHt quite rapid, thero h. ev!r.!4n~o 
tha~ tasks iavolviag d•ol~io4 .aktns or in(ora4tion p~oQ~!~1M8 =ay bo !m~alrtd to~ a lortge~ ~rtod ar 
t1a., Tbu3 1 VlJJlk (1969) ~tud!~d tht etr~ots o( ~tartle Qn oonti~uoU5 ~~ntal 6~btra~tion and round 
pe~ro~c• to bQ 5lgnftoantly 1a~aired dur1nJ th• first 30 seQ ro1law1ns ~ti~Ulit1on4 4 1i~!ar period 
~~ tm~i~•r.t wa~ roun4 br Woodh4ad (1959, 1969}, who obta1r.ed ~eor•~~nt~ on- aont!n~u~ ~ywbQl~tcnlrta 
taak lanti~c r~orn 11 to 31 ~·0 &ttor ~eartle. Th• raet tt~t i=pai~ent on ~~~ t••ks fo\l~ns at~rtlt 
~y l&~t (Or at leaat 30 !&0 14nd• fUrth6r 3Upport eo q~r ealief th4t 3tArtl~ oflsOt4 ~1 ·~tertd 
ooadc!•r•bly b4)'0l\4 t.lla in1~1al par1QI1 .a: motor di:n'-U~H.ioQ prod-uoed 'r.Jy tC4 refle;,c r43pcnsd ~t-3tlr. 

In ~ll ot the $tartl• &~udi43 juot rovieved, hQwever, pertorzanea re~ov~~y •fftota wer~ ~tudl•4 only 
during I!IO.aze portt.Ot1 or the f1t'~t 60 3.,13 r'ollO'KiRS 1Jt.ioul.a~i.QO• Wh!lt .\.t 14 <lt\rh.\nl!' P94-'ibte t.hat 
P4rro~ct L=pairment 4oe4 not e~tedd bdyond thi• ti~ period, !tartlt 14 known to h• •Qccopante4 by 
r~th•r pr¢aouno-' a~tonomlo Ce•peolatly cardiova,cular) ohangea (4~g., Thallkray ~nd TQ~Q~~eooe, 1970 1 
1983) 1 and i~ io oonc•iv~bl~ tbat 8Uan ~han~es doul~ h&v• aore l1$t1r.g ertt4t3 on D•rto~1nc•, thuo, a 
proaounGed discharae or the •utonosia n•rvou~ ~rata• Clght hate a long.~trm adtlvattDQ Offd~t letdin& to 
perrorm&nee t\Oilitat\on, or, oonver~4ly, i~ =ign~ pr~u~e a p~ri~4 or ~~ra3~mpatbetio overco=~nsatlo~ 
ruult1:)• 1n tVeOtlJ.Ill. drQWJ!.ne.a~ «nd. blp&ire.'i P•l'!OI"T>>lne&, 

•• 
In our mo3t ree~n~ ctU4y (Th4c~ar ~1d rouch~tona, 1983), we ~~d ~n1torlns A~d 1r.tar~t1on 

pr~o=in.c ta"k"' to txuint !)Qtb .1hocot .. a.nd lon&-t.i:-o:n pel't'o~oe rec~very ertedC• toucwing a. timulat,>d 
eta•rsonay aitU4tiOR (a rodtr ta1lu1••> tMe w4 aoeo.apAniCd by either ;, ott&l'tl.Lng or l non,hrtUna 
•~tcHt.ory •!sna.l. Th• ~u'oje-ot's "rl.sary tuk NAa to lq'.mitar a d:wlahd Ail" ta•atria ~<lr.trol CATC) rt~&r 
dl~pl•Y• On• hour into tne te~slon a radar tatlurt 4ecurrt4 ~hat va3 acco~pan1Gd ~1 •ither a loud (104 
db) or low lavtl. (67 db) burst of khitt n~Lsa aot1ns &3 ~ alar• signal, Subj~~tc V4r• ~hen ~·quir.O to 
t~rn tn tb4 ~ha1r lnd be&ln p4rtor=Ins & •1~ple lnforD&tt.oo p~oeastnc (t•r!al reaat1on) ta~k, (Th• 
3erial roeotion task ocns!st4d ~r ~ a•lC-~ood, !our~~hotea r•-o~1on tt.e t••k in which th• ~ubjo~e 
P~•~a•d ~n• ot tour k•Y' 1n ra~pont• to a ctntr•lly dispLayed n~b4r.) F1Yo ainut4a or perro~e• on 
this t.•k ~·~ rol1~•4 by ~ return to r•4ar conitori~. x~ a~ditton to P•rtormanc•, pbyJioloaiCAl and 
3JJbjoctifO 1064~W'•~ or dtart!e and arouu-1 w•r• also obtt.in~. Xt wa..t hypotrwuized tt\at perfot"'CMCI 
tollowi~l the hlsh-irtten~ttr alarA ~ignal (expeoted to tli~it a ata~tLo rerl•x) WQUld bt ~ign~tic•n~l1 
tmp•treQ r•la~1Y~ to ~erCormAnOO follc~tns th• low !nte~sity 2i~3l (•xpeoted to •ltoit an orLen~in,-tYP• 
•eeportu). 

K•ar~ r't• r•sponae and ~ubJ•ctivt ratLnaa or ~tirtls w•r• OQI~i3t•n~ in d~Q~n3trae1na t~~ tnt 
high-int•nal~r algnal uaO clearly atartl1~ to ~~bjeot4 in thi~ group. Conver3ely, tn• sro~p •xpo~e4 to 
tht l~v-l~t~~aity ~1~\al di~ not rat• the ~!anal ~' ~tartl1DS 1 and the a11aht h1&rt r6tw 4t~ol•r-\1on 
~Rat ocourred i~od\~tA1y to1lcv1ns 3~laulatlon WZ3 oonjist•d~ vtth the ~txpectatton ~hat tnld level ~t 
not•• would produce on~y an or!tntins or ~Jrprlao r•aotion (Graham, 1979). lo a,tt• or thas• 
ditforeqce~, h~wov•r, botrt ;:"OIJP4 ohQll'td il:D03t. idtntical p.aetaru 0( pe:'f(,)l·a.M~e ct\ant:• durina; the !'l.r't. 
.!n1'te tQllowinc noiee st1aul•~1on. R•l•~1ve ~o ~r.~~1aulu3 loVQl~, ~~•n ~espon,t tim•~ on tb• ~4Tial 
r••4•tqn {~R) took wero olgn!r!ean<ly •J•v•<~ only d~iog ~h• rtr•• 6 ••• roll4Vina no1••l •h•r••t<or, 
pertormAne• r4turnad t~ prastiaulUJ ltV41J for tho r•~ain~or 0( ~nt e0-8~C p•rl~. ~ QoaparioO~ ot tho 
re~pcna~ pattern~ obt31ne4 tcr ~he ~va aroups 14 3ho-n in fi,ure 2. 

At rtr~t glane*t thl' laak ot any dltr•r~no• bet~~•n th4 st•rtltd and nan3~rtl~ aroup~ in m.an 
perro~c• 4ur~ng ~h• tir3~ 6 aea tollowln• st~l&t1on would appear to be !noon,13eent with the 
t1ndtn,3 or our proviaua seud!eo ~d tho3t at othtra revi~wed ••rli•r. Sin~• ~he,. ~•oulta w.rt nat 
•~~tgted, re1pon•o tl~s during thf l!r3~ ~-aoo period were 6J•41ne~ aors olosely. Th• ~1m• rro- tnt 
oo.set ot th• t'\01$• eian-1 t.O> tho t1,·3:t. 31l rtiODonu ..-..,a Qbt&in•d tor tach ..1Ubjeot. tho.u. tnLt!d sa 
re11ponae UIIM•r wh141'\ enoo~:~pass tht bi:M requir•o.i h t.ra.naJ.t.J.•Jn trco the r•c!ar to the ~~ ta.sk, wo~~re 
plotted OQ lol probabilltr pApor an4 art ahovn t~ rtgure 3. A1th~uan moan 01~• to =•k• tht• L~L,~al 
re•p~n~e (doatcn•t•~'tA~k ~r•~ait1Qn ~imt> 414 no~ ~1tror ~ons tne twQ aroup~ (2.91 and 2.84 ror the 
~oan6 or tne high- and low .. tnt•n41ty sroup~ re&p.o~1ve1y), tigur~ 3 olo•rlY susa•~tt ~ dl(ter•not bot~eon 
tno sr~1p0 1D rans• or vartab111ty ot tron3it1on ti~o, An V t•~t ot the vari&na~, or th• two Jroup~ 
r•v•ahd th• •hrtlod. s.roup t() tt• 8tgn1t'1~Janbly llt<lrl va~h.bl~ (J'(1~1f .. )•~.6t 1 p(,O') in th• ttm• rtquia•t4 
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figure 3. Ta.llk t.r~Uion t..i.&ce.lll tor U:le two troup•, 

to ....a.Jt• thi• Solliti.al t"e.:!IPOn:IO. All e:Qm.inat;ion Ot YV1.t.b11ity Ot l'eapQQ!IC~ on \.be SR t.ulc !IUD.seauea.t. U:1 
thU rJ.r~~t. r..tpante, but •tUl v:i.thill the nrst. 6 .. ,8(. p&t'10CI rollowina stiarulat.io.o., rtv~aled 'r1lrianou ot 
.2869 and .1272 tor th• biSh- and low-int.ca•~~Y sroupa re•pectl~ly. Tba'e valuat, Altho~ ia t.be ~· 
d!re::t.t.OQ u tte tre.naHiOn tlme. 'h.rianceos, fa:!.l&ci tD re•~ .slsniticance {r(11f/11j.JK2.Z5, P>o05). Th.e 
ditterence betveeu croupa in ~aponae var1ab1l~ty wae tbu~ aonftn.d to task tr«noltloa time. 

Anal11es or the vidaa-taptd raoordi~ ~~ duriac nolae etimUlat!on ol&r1f1e4 the2e t~nd1ne&· IA 
tbe ~roup reaa1vina tbe no~tartlinS noi•e oisnal, behavior tollovinc stimUlPtiod ~a extr•~•lY unifara; 
•~bJec~ al0¥17 t~ed 1n the chair and ~esan P'rtormin& t~ SR ~K. In the bi&h-int•naity (3tartla) 
1roup, thera wer. pronouaaad 1n41V1dual d1fferenee5 followins •t1.ulation vit~ ~e Dubjeat. app~~1ns 
dazed aad coatu-ad br t~• no1ao wt41c ot~er• recov•~•d a~t 1.-.~ately an4 rapidtt besan ~rroraing 
tM t.aaX. 'JlM di1rupUn ettnt or tM laud sound ror ~a. e\lbJaats coc:~btned vtu. the rapid reoovarr 
thCVD by ot~•r• apparaa~lr oalanced ~ ~ner~llt un1to~ ~•pon&• or t~c lo~~1ntanal~y ~up. ~ •l'o 
ez:plaintd. the ditrara.c.o. JA tha variuoe ot n.•pon.so ti.aMt ot the t:vo uoups. Ibe 1nora.a .. d range or 
Yariabillt, ot 1D1t1al response to ~tart.l• ~t wa' roun4 1n tbi• •~udy 1• clo~ly oLmLl~ to tbat 
di.5cuud earl1ar lD t4• ~ontext o~ botn vol\UitarJ l"eaoUoa tiiiM to •tArt.l• IU'Id tn.ek1na pert'ot1aNlce 
tollcnt1:1& 11 t.zrtl• ~ 

Un11ke ~•po.o.ae ti~ vbi~h, •xc•pt ror L~ 1n1tiat ~k tran~1tio~ tiDt, w.r!l 1~1~17 uaarteeted by 
e~tla, the t~q~ncy or 1nccrrect re3pooe4• (repre.entlns error~ ia inrarm.tiOQ pr~asi.o.al vaJ roun4 
to b-t e1Sidf1oan\ly I(N'ater in the .3tartled. than in tl'l~t aonat.artled group dU:"lag ~e riNt. ainute 
tollova& et11NlaUoa. "nlb tindi.OC J.• ln paeral a&r••IDIII:I~ ldth the CJ.Ml-a«:S cr Uaslk 0969} and 
~oodbea4 (1959, 1969) ~atio094 earl1•r, that in!oreatioa p~ooeG~ins -.y ~impaired durina recovery rrom 
1tarne Cor pet'ioda rana,l.q !roc 11 no ttl over 30 ••o. lloadh•a<t ( \969) hu noh4 that 3D t.o 60 no 15 
tb- per10d that Jt a-o•rally take1 tor autonomte re•poa.•e •uch .. b•~rt rate to reco•er to •pproxi&atQ 
prestiaulu• ~ev•l• tollOWiPS etartle aad that 1t ca, not be mar• ooih01denc• ~~t thl, corr.tpo.o.45 to t~t 
rccover7 period at cosn1t1Ye perrorz.oee. 

Tb.re wa~ no avJdo~:~.oa tbt:l:~ startlo .atracted trGqu•MY at e,.rora or maan perroranot on elt.h•r the sR 
task or on tba radar ta.k s~~#eq~~o~ to ~be r1r~t miaute roll~vln& ~tia~lat1cn. Sinoe neltb•r heart ra~o 
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nqr aonduotanc• l~vel d~ttored amoni th• groupa dur1~4 th60d aub~~~uent peri,d3 or 3R and ~~da~ 
perf~nm~~ce, 1t ~y b• ~onoluded lhat both tho phyaiologlcal and ~trrormanoe err~¢t' of ~tartle are 
lars•\y eon,ine4 to tn• tn1~tal 1-21n p~rlOd tollowio~ ,tortlo Q~imulat1on. 

fiZLD STUD!ES 01 R~PONS~/RECOV~HY ro STARTLS 

.tt would be de.:dralllo.t to ~O:np~r• bb¢rLtot"Y r1.nc11n.s.s. ot. p.ot-f'ormanc& reoovary troll .n~rtlo· with' ther 
t1ndtna~~t ooaparabl• btud1•• o¢ndu~ted in the t1~ld. ~ntort~natAly, su~~ eoaparison• 3ra tew becau3t 
ot the pauot~y of publ!Jhed tindtns•· !n one or the re~ field studies ot w~ie~ I a= awar& tha~ 
-tt~ l.n•Qtiaa~..t ::n .. ~rr..ce ... or- ·~·~e, .. or> pM'(or111Mco-, ll~roon and Si:~Uh. (197>1 ooonaoc,<i. th .. , 
&~ o,..d't'.~o~up:trto.,., ot':ct:rtY.tn,. M-ha."tto.r p.r:Qd.u.a,e4, b.~ un•xp.t~Q.t.~ a.f..r-..tta;wdop>loyrqt~Ct' \ol.'l.th' t:hat' r&su-lt'in~ 
rrolll hood tly-u~. Fll"t.)'-011" ale &.".d. !'eaale dr!:.•er3 l'Mging; 1n a;ss troll. 19 ttl 7ll yu.r.:s ~t'f! t<tst.e.d. 
Although air-bajJ d4plO)'lll#.nt, A~eompa:Ueci by 3 .JI\o~ .. lika .tound, W.a$ OXJHirU.nc~t4 :t3 bdng oon!'llder~bly 111ore 
.st~rtling th.:l.o hOO<i fly-up, both t.ypu ct tYents pr()(!u:oed t1Wlar, urk•4 olu.ngo:t irt hfJiilrt rate, DlOOd 
prea:ura, and ~k:ln eonduota.n.:e. :ttt ~one at pronour.c-ed tUbl6Qt.ht 0\r,~ J>l\yeioloaical ov!dence or atartlo, 
drtv~r, appar~ntly ~ata1n•4 control ot the test vehiQle snd ~•re raportod to be luold on que5t1onins lee• 
ttt.n 10 .s•oond.s athr <:U:!hlod deploy~:1t., kS 3tated in tntJ.r pot.~r, '17ho a.v•rag• ,t .. rlngawtleol rot.atiort 
wa~ 61 de&r~•~ during heo~ tly-u9 an4 7Z 6ogreta d~r1ng QU3h1on daplotmen~. This doaree ot 
~t••rLni-vheol rotation wo~ld oorrespond to appro~1aatoly 3 to ij degra~~ at the tlte. In com~1natton 
with tha l•hral-devu.tion data, it ~hows t.llat adtq'JaU eteer'ina oont.rol c•n !>a iL11cl 1.t a.a1nta..1ntd. Ln tha 
!ltarne !lode.J tt.st:ed" (p. ~39). AU~ougb ~h12 et·rtat:~ -or tnea~ stazot.Ur~g t\Vertt" =Laht appea-r t? bet la3:1 
than on~ might have eipaoted, it shc~ld be r.ottd that the aotU4l tim•-oour~t ot perrQr=anco recovery 
~nnot be d•:er=ined troc t~e data ~• report•4 tn tht~ 3tudy, There i' ne tna1oa~ion, h~~~vtr, tha~ th• 
duration at pertcrmanoe ~torupt.lon tc~,4 hy t!per=aA and Sa1th would dtfter appr•ai~Dly rro~ th4~ round 
in our laboratory ~tudlol. 

CO~CLQ3ION3 

It ~ com~ine th~ r•sulta ot all •tu~io~ Goneid~r~~ thus rar, oert.ain s•neralt&at1o~4 con,•rn~~S 
rospon4elr•~overy tollo~i~ ~tart.lir.a ~Y$nt~ can b« ~dol 

1. 3Lt~~ple, voluntar)' r•.,~n=u to 4t.artlinC ,:~.tt111UU or • .,..,nt.- oan s:entrAlly bd ude ..,!thin 1 to J 
~oo rollowins 3~1mulation (Sttrnb4~n, l96C&J Thaekray 1 19651 rhaoKray and Tou~h~toae, 1983). In thi3 
regard~ ~ean tiae to ra3goo4 to a ~tar~lin& 't13~lu! ~1 no~ di!Ctr 1~preot~bly rrom m&ae t1=a to respond 
t:o .tn un4xpeoted 4VIH~t or ~t.!.JCUl•Ja that. i-1 :Ji::a;ll)' ourpri:tlng. It H Uk•ly, howtver, t.Mt ~bo rlltls• o( 
re,ponst ti~ee to the former typo or event ~11 ~1sn1t1cantly ~xoo~d tha rang~ o( rt3POft'l times to tht 
l~ttGr ~Y~ ot eveo~ (Th•c~rar, 1965) theokr~Y and 1ouoh#tor.o, 1963). 

2. HQr• oom~lex ptrceptuat-=otor b~h•vior, auon aa tha~ raqui,iog conbinuou3 gsroh~ato~ eonttol, 
1'1 11ke1.y to ehow m.a:xia:~wt di:~ruption d:W'1r'\8 thl.s ~&Ill• 1 .. to 3-oea ~riod (May. and Rioe/ '1971 f"'l'haekrat 
and. Touoh"etoo•, 1970, 1903J Vl4$U 1 1969• Zipera:.an ancl .Sc.Hh, 1975) 1 althoua,h e1$11t1c&Dt, 'but leOr:2t)r, 
d1Jruptlou may !ttll b• Pr•$oat tor up ~o to ata tallo~trts s~~uL~tton {Thaa~ay an4 1e~~h3tori•, 1970). 

3. EV1d•ne' tr~~ ~veral •tudleo :~e~ta that the 1b1li~y ~0 'ro~o,~.1nforoa~1cn dAf ba i~t~~ 
t4r 17 t-o 60 3•a tolL.owl~ t.b.l! o~qu.rr•M• o(' • :ltarHin& event (Tha.okray and tou~hiltonf, .. 1983J vf • .aa:.c,; 
1969J li0<>4head, 1919, 1969). • 

q. I~~l~idual ditter•n~•~ in the ~&nitude o~ perror=ane• imp&i~~~ tollowtns ~eartle appe~r (a) 
111rtotly rel~tiQd ta phystolog10a.l reaotivity to atou·tlt (Stunb~<lh 1 1960af TI'14Ckny 1 196'J 'll\.lokrar and 
rou~h•tone, 1970) ar.d (b) lovorooly rdahd to l.ve1 ot P""utele t••• orortounoy (Thaolcny 1 \9651 
~okray and Touon•tona, 19701 Vla•ak, 19691. 

In ordor t~ •~aloate th4 r•l•vanae ot t~• •Dove 1a~ratory and field tloding~ ot re4poQ~q/reoovt~Y 
rollowins ~tartle to be~v1oral responAe (ollowinc r••l .. lifa o=•rsenciee 1 it !3 ~portant to racognilt 
that une:z:peot.ed A!1d trauaat1o O.ll.c.re;enor dtuat.Lon.s Ut r·eal Uta probal':lly involve at l•aat. tl«) phuu. 
lh• tir$~ ph•s•, vt\1oh.. ~01.\1.4 M t.ar'll~t4 ' "•boqk pha.u," ocn.,eu.ut•s. the;' 1n1 till reaot1on.;, ~ thh phAse·; 
tha lndlV.t.dU&l athllpt.:~ tQ ra.sgon4 with J..•o•:Hate behavior~ thct are intended- to oo~·wi~h or. reotity ~h4 .. 

1 1J.Qea:pe~ted event. WhUO t.be' beh&YiOr:~ ocplor-4 cay appear ta b4ll trratlortal -Uld. &4t.~.&all7 wot's.A the ... · 
:J1tuat.1on, tb1• 1-1 olearlrnot the intent..·'· With soat indJ.vidual3 1 Nbavtor ~•"•1 to oeoome ~u3pended 
(.a treot.i va immob.U.By or • tr"e:.::.J.ng4), atthoustt nl.liQroua .studie8 or re$pon.se to dt~.,t.er (4 •I., 3inser, 
1962) suggeat that tb1s type of response L1 the txc•ptloo r&~her than the rul•. ~•n it 40•1 040ur, i\ 
appe~ra to be a rather temporary or mootntary re,ponat. tn ~om• ·~•rs•noias, tn• ahoAk phas4 1j followed 
by a jecon4 pnaeo whJ.oh eould be tor:td an -•v•luative pb~ao,• Thi• p~~4t ooour3 it ene em•rgenoy 
s!tUAc!o~ h>• not bo<n reoolvo4 4urins t~• ~nt!al •hook phoo• and is on.rooteri:od by on ao•rs!n& 
porqop\ion o~ •v•Iua~lon 0( the aitU&tlon in t4rma or tho individual'~ ability, or laok ot aD111ty 1 to 
qgpe W'i.Cl'l the e••raenoy. H LJ dul"'ing thh pbue that pa!110t it no $OlYt1t>n or e-'O&Pf .tAG!Wa pQe41.bl4, 
~~·ot~~. Mow•vor, p~n1o, llk• atfeottv• 1amobility1 al~o tppe&r~ to bo a relativ~ly lnf~quont tor= or 
di:ta~t•r l""etfpons• (S1n,*r• 1982). 

It one is willin8 tQ ae¢•pt that ~he emot1cnal/phya1olos1oat rt~Po~e to 3tlrtle 41n serve to at 
ltut .a.pproxiNte the .1.n1.ttal 4hoek phuo ot ka~Ho, ro&l.•Uto cmtr~tenoi•.s• th11r1 t1nd1J3S.S ot 
l~bor5tory 3tud1ea of parto~~• rt~4~~r~ fo1lowi~s ~t•rti• ~Y ~ave relevance in prod1oti~& the t1Qo 
cour~e or be~vioral recove~y /ollow1nc 3uch evants and =•Y a~•i4t in our und•ro~d!nc ot .toea or tho 
l!lltra!llo I"Oaot..tonQ dJ.splaya4 by imJJ.yiduab in r .. l-Ur• tRtrgenoy .situat.1ona, A.s w. have noted, 
\a~or•tort atud~e~ hAva 13o1ate4 ''v•r•l indlv14U.l 4ltrerenoo va~iablel (autono~~ retat1v1ty And level 
or ~r1or t&!k protio1enGy) thAt •ppear to be oorrelatt4 wtth ~rtormano• reoov•rr rrom startle. th• 
tirat ot ~h•~t, autc~oelo rea.ativity, su&g•ats tha~ inh•r•n~, con~titution•l raotOr3 undoubtedly pL•Y 
so.. rol, la ~tar~lo recoverrJ th• ~•oond V3ria~la, ta~~ protio1•ncy or oki1l levol, would ~uaae•~ trAt 
aome or tho perrormanoe d13rupt1on rollo~tns atartle DAY b• ~enaDl• to training, R•~••r~h 1• na•4ed 1 
hower•r, to dete~tne the o~~qn~ ~o wbi;~ 1R41Vidual dirrarencts in reapQna«lr•oovar~ toun4 1rt 1ab6tatory 
3tud1oo ot startl8 cAn ierv4 ~• u~•fUL Qra41et~r• ot d14rup~ion/reoovory tollOwinl atdulatad •~•r••~clet 
that olc3•ly Q~praximate reAl-lit~ ~LtU&tlona. 
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