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SUMMARY PAGE 

THE PROBLEM 

The magnitude of a threat of  physical harm should be controlled when measuring 
individual susceptibility to  a given threat. Earlier researchers obtained this control by 
expl ici t ly delineating the parameters of the threatening situation to  each subject before 
testing. The delineation of  one such parameter, the expected severity of  the threatened 
event (electric shock), was established by a pretest demonstmtion of  shock, although the 
subsequent effects of pretest shock were never examined. The two studies to be reported 
here were designed to  specify these effects and to determine the feasibility of using an 
alternative procedure. 

FI NDlNGS 

A verbal description of  shock severity. proved to  be a valid means for establishing 
effective control of  threat as evidenced by significant performance differences among 
unshocked subjects at different threat levels. The demonstmtion of  shock appeared to 
reduce these differences by increasing the perceived probability of being shocked, as 
indicated by lower mean performance scores; however, it did not affect measures of  per- 
formance decrement (i.e., threat susceptibility). The results also suggested that i f  the 
demonstration i s  eliminated, perceived protubil ities, as reflected in mean performance 
scores, may be useful individual measures independent of performance decrement scores. 
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I NT RO DUCT I ON 

Wherry, Jr., and Curran have pointed out (7) that in combat, the threat of  phy- 
sical harm can cause deterioration i n  aviator performance. They also noted that since 
aviators differ in their response to  combat stress, i t  i s  l ikely that they are not equally 
susceptible to the threat of  harm. They suggested that if, before training, some means 
could be found to  scale these differences, the measures might be useful for predicting a 
student aviator's eventual success i n  training, or perhaps even in combat. To measure 
threat Susceptibility in terms of performance, they developed a laboratory test in which 
subjects were threatened by an electric shock while performing a standard psychomotor 
task. 

Since the purpose of the test was to measure individual susceptibility to a given 
threat, the test situation had to appear equally threatening to  a l l  subjects. Wherry, Jr., 
and Curran believed that individual threat perception could be controlled if, prior to 
testing, the threatened event (shock) was explicit ly defined in  terms of when, where, how 
much, and how l ikely it was. Init ial  studies tended to confirm this belief (1, 7), and 
subsequent research has been concerned largely with identifying parameters of threat and 
with specifying how best to define a given parameter so that it i s  effectively controlled 
(4, 4 - 

One important parameter in any threatening situation i s  the expected severity of  
the anticipated event. Since they assumed that actual experience with the event was 
the most effective means for defining i t s  severity, Wherry, Jr. , and Curran chose to con- 
trol this parameter by demonstrating shock to each subject before the test. Although they 
acknowledged that exposure to shock during the test affects subsequent performance (1), 
they did not investigate whether a pretest demonstration might have a similar effect. Also 
not investigated was the possibility that the demonstration would inadvertantly reduce the 
effective range of the test measures, as suggested by a study (3) in which i t  was shown 
that physiological responses to  the threat of shock are much smaller i f  the shock has al- 
ready been experienced. Since individuals do differ i n  pain thresholds (2), i t  was not 
reasonable to  expect that threat, defined by exposure to a given level of shock, would be 
perfectly controlled; i f  for no other reason, the present investigators were led to ask whe- 
ther there might be some other means for defining shock severity without actually demon- 
strating it. 

PROBABILITY STUDY 

The most easily implemented alternative to a demonstration i s  a verbal description 
of  the severity of shock. This  procedure had never been tried because it was anticipated 
that subjects would not believe that they could actually be shocked i f  they had not experi- 
enced i t  beforehand. Therefore, it was first necessary to investigate whether a verbal 
description was an effective means for creating a believable threat situation. In the first 
study to be described, the probability of receiving a verbally described shock was either 
very high or very low, and it was expected that i f  the verbal description inadequately 
defined threat, differences in response between the two groups would- be insignificant. On 
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the other hand, it was hypothesized that a verbal description would actually prove to be 
as effective as a demonstration, so that the differences between the two groups were 
expected to be as great, i f  not greater, than those obtained earlier by Wherry, Jr., and 
Curran, whose subjects were a l l  shocked prior to testing, 

PROCEDURE 

Su bi ects 

Twenty naval andMarine aviation training candidates were used as subjects and 
were randomly assigned to one of two experimental groups. An additional ten men served 
as controls. 

Apparatus 

Each subject was tested individually in a specially constructed experimental booth 
(5) with his arms resting on a table-top counter on which were mounted four response keys. 
Various visual displays (colored lights, alpha and numeric labels) were mounted behind 
glass panels in front of the subject. These displays were visible only when illuminated, 
and all illumination was controlled by a computer by means of programmed instructions. 
A t  the appropriate time in the program, shock was administered through electrodes 
attached to the subiect's forearm via a standard Foringer shdck apparatus set at ''monkey" 
strength. 

Task - 
A 5-minute subject-paced, four-choice discrimination task was used as the per- 

formance measure. When a color was presented in the display, the correct response was 
to press a response key associated with that color. Once a response was made, whether 
correct or not, one of  the three remaining colors was immediately displayed. So that the 
subject might learn the correct color-key association, the response keys were color coded 
during the first 3 minutes of an init ial  learning session. Passage of time was indicated by 
a series of 30 lights mounted across the display. Each of these timing lights was l i t  for 
10 seconds, one at a time, in a series starting at the left. Performance was scored as the 
number of correct responses minus the number of incorrect responses for each 10-second 
period (the duration of each timing light), and two 10-second periods were pooled to 
form a tr ial .  There were 15 trials per session. 

Method 

After hearing taped instructions regarding the task, both the experimental and 
control subjects took part in a 5-minute learning session, which was followed by a 2- 
minute rest period. The control group was then instructed to repeat the task for an addi- 
tional 5 minutes. 
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The experimental subjects were also instructed to repeat the task but this time 
they were to be pilots on a simulated combat mission. 
became visible: a "Probability of H i t "  label with an associated decimal value; "Begin 
Mission" over the first timing light; "Time Zero'' between the 18th and 19th light; and 
"End Mission'' over the last light. The subject was told that during this mission, his 
plane could sustain damage when the timing light reached Time Zero. For the ten men 
in  one group, the probability of sustaining damage at Time Zero was displayed as .85; 
for the other ten, the probability of damage was .25. 

New displays (Figure 1) now 

After the electrodes were attached, the subject was told that damage would be 
simulated by an electric shock whose severity was described as follows: 

"TO give you an idea of  what to expect, the shock 
level can be described as being just within the upper 
l imit allowed by the Navy. This mean5 that i f  your 
aircraft i s  damaged at Time Zero, the shock, while 
it w i l l  be ha,nless and brief, i s  expected to cause ~1 

rather violent, involuntary muscle reaction, I' 

During testing, five men of each experimental group, or a total of ten, were shocked at 
Time Zero. 

ANALYSIS A N D  RESULTS 

Based on the last 2 minutes of the first session (when the response keys were not 
color coded), a mean score per trial was calculated for each subject as a baseline (Ses- 
sion I) o f  task abi l i ty. These mean group scores for the two experimental groups and the 
controls are summarized in Table 1 .  So that the test scores would be independent of task 
ability, each subject's baseline was subtracted from his second session trial scores, yield- 
ing 15 possible "difference" scores per subject. To remove fatigue and learning effects 
from these measures, the subsequent analysis was performed upon the deviation of each 
of  these scores from the average ''difference" score per trial of the unthreatened controls. 

Table I 

Summary of Sessions One and Two Data from the Probability Study 

Subjects 

Session One Baseline 
(Trials 10 - 15) 

Session Two Deviations 
(Trials 6 - 9) 

Mean S. D. Mean S. D. 

Control Group 

~~ 

19.8 2.2 

.25 Probability Group 19.5 2.4 +1.39 1.26 

.85 Probability Group 18.1 2.6 -0.78 2.04 
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Since earlier research had indicated that the significant effects of threat occur 
in the trials immediately preceding Time Zero, only the last four trials before shock 
(Session 2, trials 6 through 9) were chosen for analysis. In Table I are listed the means 
and standard deviations of the experimental scores during this period. The means for 
each of the four trials are plotted in Figure 2. I t  i s  immediately apparent that the .85 
group performed worse throughout this period than did the .25 group. A repeated-meas- 
ures analysis of variance (8), summarized in Table II, indicated that although there was 
no significant change in performance in either group as Time Zero approached, the 
observed mean difference between the two groups was significant at the .05 probability 
level. 

Table I I  

Summary of the Analysis of Variance Performed in the Probability Study 

Source ss DF MS F P 

A (Probability) 94.61 1 94.61 7.462 < .05 

Subjects within A 228.34 18 12.68 

B (Trials) 
AB 
Residua I 

14.44 3 4.81 0,867 NS 
17.74 3 5.91 1.065 

299.68 54 5.55 

D I SC USS 10 N 

The difference between the two groups clearly indicates that a verbal description 
of shock severity does create a believable threat situation, even though the data differ 
considerably from those obtained by Wherry, Jr., and Curran (7). In their study signifi- 
cant differences in mean performance were not obtained, but rather differences in decre- 
ment as Time Zero approached. As an analogy to perfotmance deterioration in combat, 
those investigators posited that performance decrement was a direct reflection of threat 
susceptibility and that, within certain I imits, susceptibility measures should vary with 
changing probabilities of being harmed, or, in other words, with differing degrees of 
threat severity. .This reasoning suggests that in the present study the limits of probability 
as an effective means for defining threat severity were surpassed, Without pretest shock, 
subjects perceived so l i t t le threat in the .25 condition that they were actually threat 
resistant; whereas, with the higher probability, subjects were so threatened that their 
performance could not reflect any further susceptibility to that threat. That these limits 
were not surpassed in the Wherry, Jr., and Curran study must then be attributed to the 
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effect of pretest shock. As suggested earlier in this report, the demonstration may either 
have directly suppressed performance so that real differences in performance level were 
obscured, or i t  altered the perceived probability of being harmed so that differences 
between probability levels were actually reduced, 

DEMONSTRATI.ON STUDY 

To determine in what way the shock demonstration did affect performance, a 
second study was conducted to directly compare the effects of  described and demonstrated 
pretest shock while manipulating the interval of time between shock definition and test. 
I f  a demonstration directly suppresses performance, then the longer the time between the 
shock and the test, the less this effect should be. On the other hand, i f  the perceived 
probability of receiving a shock i s  altered by the demonstration, significant differences 
in performance decrement (i . e .  , susceptibility) should occur between groups with and 
without the demonstration experience. The probability of being shocked was at an int,er- 
mediate level so as to assure that measures of performance decrement would be obtained 
in a l l  groups. 

PROCEDURE 

Su bi ects 

Forty naval and marine aviation training candidates were randomly assigned to 
one of four experimental groups. The same control group was used as in the f i rs t  study. 

Apparatus, Task, and Method 

The apparatus, task, and method also were the same as described in the Probabil- 
i ty  Study, with the following exceptions: 

After the f i rs t  session, two of  the groups were told almost immediately i n  the 
instruction period, which preceded the test session, that damage was to be simulated by 
electric shock (Early). The other two groups were told about the shock as in the Probabil- 
i ty  Study just before the test was to begin (Late), which was 3 minutes later than in the 
Early groups. 
Study (No Demo), and in the other (Demo), shock was administered as an example of 
what might occur. All four groups were informed that the probability of being damaged 
was .a. 

In one of  each group of two, shock was described as i n  the Probability 

ANALYSIS AND RESULTS 

"Difference" and deviation scores were calculated as before, and the four trials 
preceding Time Zero in the second session were again chosen for analysis. The relevant 
data from the first and second session for the four experimental groups and the controls 
are summarized in Table 1 1 1 .  The means of  the experimental scores for each of the four 
crit ical trials are plotted i n  Figure 3. 
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Table 1 1 1  

Summary of Sessions One and Two Data from the Demonstration Study 

Subjects 

Session One Baseline Session Two Deviations 
(Trials 10 - 15) (Trials 6 - 9) 

Mean S. D. Mean S. D. 

Control Group 19.8 2.2 

N o  Demo/Late Group 17.9 3.3 a.49 3.45 

Demobate Group 19.1 2.4 -1.27 3.54 

N o  Demo/Early Group 19.2 2.6 to. 88 1.74 

Demo/Early Group 19.4 2.3 -0.74 1.83 

Figure 3 indicates that a significant decrement in  Performance occurred in a l l  
four experimental groups, which was confirmed by the analysis of variance summarized in  
Table IV. Although the graph also suggests that mean performance was affected by how 
and when the threat of shock was introduced, the analysis did not confirm it. Not only 
was the decrement similar in  a l l  four groups, but there was virtually no difference in 
performance level between the Early and Late subjects, although the Demo and N o  Demo 
groups did differ at a .10 probability level. 

Table IV  

Summary of the Analysis of Variance Performed in  the Demonstration Study 

Source ss DF MS F P 

A (Demo/No Demo) 
B (Time) 
AB 
Error Between 

C (Trials) 
AC 
BC 
A BC 
Residual 

114.47 
8.40 
0.18 

1291.66 

111.82 
8.55 
9.95 
5.93 

1151.85 

1 
1 
1 
36 

3 
3 
3 
3 

108 

114.47 3.190 < . l o  
8.40 0.234 
0.18 0.005 
35.88 

37.27 3.495 < ,05 
2.85 0.267 
3.32 0.31 1 
1.98 0.185 
10.67 
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DISCUSSION 

Since differences in t ime between shock definition and test had no effect, i t  was 
apparent that the shock demonstration or description did not directly affect performance. 
The alternative expectation that pretest shock would increase the perceived probability of  
of being shocked, producing in turn measurable increases in susceptibility, was partially 
confirmed. The difference between the Demo and No Demo subjects suggested that 
shock did appear more probable to the Demo groups than to the other subiects, but i t  was 
quite surprising to obtain evidence of  changes in  perceived probability i n  terms of mean 
performance without corresponding variations in performance decrement. Certainly it i s  
reasonable that susceptibility to threat might remain the same over a small range of 
threat severity, but previous research had not shown mean performance to be sufficiently 
sensitive to reflect such small effects. Since this lack of sensitivity had always occurred 
in connection with pretest shock, i t  was evident that a meaningful interpretation of per- 
formance level was now possible, at least at an intermediate level of probability, i f  the 
shock demonstration was eliminated. 

I f  a verbal description of shock added a second measure of threat behavior to the 
test, it follows that such a measure could be obtained from individual as well as group 
performance. As long as mean performance remains independent of performance decre- 
ment , as in  the present study, a two-dimensional assessment of  individual threat reactivity 
can be made which may actually increase the relevance of  the test to an aviator popula- 
tion. Casual observation suggests that some pilots are successful i n  combat because they 
tend to believe that the threat i s  less real than it actually is; in other words, they alter 
their perceptions of threat severity by reducing the implicit probabilities of harm, a 
reversal of the effect of pretest shock. If the tendency to perceptually alter probabilities 
could be measured apart from individual Susceptibility, i t  might also be useful for the 
prediction of success in combat. 

- 

Th is  conclusion might appear to negate the original efforts of Wherry, Jr. , and 
Curran to hold threat perception constant so as to measure threat susceptibility alone. 
But i t  should be noted that they did not expect, nor did they obtain, independent per- 
formance measures, so that absolute control over one type of behavior was required for 
the assessment of the other. The results of the two studies reported here suggest that the 
use of  a shock demonstration prior to testing may have been responsible for reducing the 
sensitivity of their  test, but the data also make clear that an increase in  sensitivity sti l l  
depends upon an explicit definition of the parameters of threat, just as Wherry, Jr. , and 
Curran first proposed. In particular, the data suggest that an optimal test of threat 
reactivity requires that the probability of shock be defined at an intermediate level and 
that the severity of shock be described verbally. In future research, investigators may 
find other parameters of threat that can be controlled by explicit definition so that 
recommendations for additional procedures may yet be forthcoming. 
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CONCLUSIONS 

The two studies have shown that a verbal description of shock as a means for 
defining shock severity i s  sufficiently believable to be a valid alternative to a demon- 
stration of shock. In fact, it may be a preferred procedure since i t  was shown to increase 
the range of response to various probabilities of being shocked and to allow variations 
in perceived probability to be measured independently of differences in susceptibility. 

11 



REFERENCES 

1. Curran, P. M., and Wherry, R. J,, Jr., Some secondary determiners of psycholo- 
gical stress. Aerospace Med., - -  38:278-281, 1967. 

2. Melzach, R., The perception of pain, Sci. Amer. , 204:41-49, 1961. -- - 
3. Schalling, D., and Levander, S., Spontaneous fluctuations in skin conductance 

during anticipation of pain in two delinquent groups differing in  anxiety prone- 
ness. Psychological Labomtories Report No. 238. Stockholm , Sweden: Univer- 
sity of Stockholm, 1967. 

4. Smith, M. J. , Waldeisen, L. E. , and Coulter, X. , The selection of stress suscep- 
t ible individuals: Progress report. Presented at the Joint Amy-Navy Confe- 
rence, Fort Rucker, Alabama, December, 1968. 

5. Waldeisen, L. E. , Curran, P. M. , and Wherry, R. J . ,  Jr. , On-line personnel 
testing for naval aviation. Aerospace Med. , 39:31-33, 1968. - -  

6. Waldeisen, L. E. , Smith, M. J., and Coulter, X. , Computer-controlled investi- 
gation of stress parameters in a closed-loop system. Presented at the 39th 
Annual Scientific Meeting of the Aerospace Medical Association, Miami Beach , 
Florida , May, 1968. 

7. Wherry, R. J. , Jr., and Curran, P. M., A model for the study of some determiners 
of psychological stress: initial experimental research. Organiz. -- Beh. Human 
Perf. , h226-25 1 , 1966. - 

8. Winer, B. J. , Statistical Principles - in Experimental Design. New York: McGmw- 
Hil l, 1962. 

12 



Unclassified r-- 

Srcuri t  y Cla s si fir at ion ; t r - i  

DOCUMENT CONTROL DATA - R 8, D 
! S c r t r r i f y  r l a s s i f i r o f i o n  of  tiflc. Oody of  d#bstrnrl i l r d  irldcxinl! i lnnofal iun nlu.5l be enrered when the  o v e r a l l  report is c l a s s i f i e d )  

28 .  R EPO R T S E  c u  R I  T Y  c L A S S I  F I  c A T I  ON O H ~ G I N A T I N G  A C T I V I T Y  (Corporate o u f h o r )  

Naval Aerospace Medical Institute Unclassified 

Pensacola, Florida 32512 N /A 
Naval Aerospace Med ica I Center 2b. G R O U P  

R E P O R T  T I T L E  

THE EFFECT OF PRIOR EXPOSURE TO A HARMFUL EVENT UPON SUBSEQUENT PERFORMANCI 
UNDER THREAT 

:. D E S C R I P T I V E  N O T E S  ( T y p e  of  reporr and inclusive d a l e s )  

Xenia B. Coulter and Mary Anne Ovennan 

25 June 1969 12 8 
%a. C O N T R A C T  O R  G R A N T  N O .  98.  ORIGINATOR.^ R E P O R T  N U M B E R I S )  

I NAMI-1077 
b. P R O J E C T  N O .  

MF 1 2.524.004-5002 .,I 
c. 9b. O T H E R  R E P O R T  N O ( S )  (Any other  numbers l h e f  may b e  assigned 

t h i s  reporf) 

d. 1 USAARL-69-19 
10. D I S T R I B U T I O N  S T A T E M E N T  

This document has been approved for public release and sale; i t s  distribution is  unlimited. 

Joint report with U. S .  Army Aeromedical 
Research Laboratory, Fort Rucker, Alabama 
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Earlier research stressed the need for controlling magnitude of threat when measuring 
susceptibility to fear of harm (electric shock). Level of threat was manipulated before testing 
by varying the intensity of demonstrated shock and the stated probability of receiving shock 
at a specified point during a given experimental performance task. The present study investi- 
gated effects of 1) the stated probability at .25 versus .85 with no pretest shock demonstration 
and 2) pretest shock demonstration versus no demonstration with the stated probability held 
constant at .65. Subjects were 70 entering aviation trainees. The task was a subject-paced, 
four-choice discrimination task. Ten subjects were used as controls, with the remainder divided 
among the experimental conditions. A 5-minute practice period without threat preceded a 
5-minute experimental period for a l l  conditions. I t  was concluded that 1) shock demonstration 
i s  not necessary, and its elimination would provide a more useful range for individual difference 
measurement; 2) .65 probability i s  better for producing measurable performance decrement than 
either the lower or higher extremes of .25 and .85; 3) threat perception as measured by mean 
performance level across time may be as useful a parameter as Performance decrement immediately 
preceding the anticipated harmful stimulus. 
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