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Effect o f  Startle Stimuli on Performance 

\ THE COCRSE OF OCR WORK with pilots as I -  well as study of aviation accidents we found that 
sudden. stron;,. surprise stimuli. e.g. the startle stimuli. 
can reduce the pilot's working efficiency. Under these 
circumstances the safety of the fight may be threat- 
ened. Despite the fact that there has been much wo& 
solving the problem of the startle stimuli (Straw;' 
Landis and Hunt': Stembach") little attention has yet 
been given to the changes in the pilot's e5ciency. 
Having studied the effect of the startle stimuli Wd- 
head'.' and Culbert' proved convinangly that man's 
efficiency is being radicallv-though only temporarily 
-reduced under the eff&t of the stimuli mentioned 
above. Some information about the effect of steady 
continuous noise as well as of irregular noise was 
drawn from studies by Ford' and Plutchik.' 

In this research we have undertaken to solve the 
followinq questions: What kind of human functions 
can be impaired by the startle stimuli most readily? 
How is the reduction of performance manifested? When 
does efficiency begin to resume normal level? 

METHODS 

One hundred seventy eight maks. aged from 17 to 
38 years, without auditory disturbances, were ex- 
amined. In  our experiments particular attention was 
given to the effect of startle srimuli on the following 
functions: (1) the mental activity (4s exambees), @) the 
complex psychomotor activity (38 examinees), (3) the 
simple reaction time (30 examinees). (4) the sensomotor 
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activih of the hand (15 examineesi. c.5) the standinc 
stabiiih 119 eramineesj. and (61 the muscular force of 
fatigued muscles (38 examineesi. 

The :-test" \\.as used as an index of the mental 
activip: the examinee was seated and subtracted 
from loo0 in writing. 

The complex psychomotor activi? was evaluated by 
the following test. The examinee was directed to look 
at the nearest pair of Merent  lights on a panel and 
react either with his right hand or with his right (left) 
leg in order to return the red light to its properlccation. 
As swn as this was done ~ o r r e ~ t l V ,  the next array of 
lights automatically appeared on the panel. 

"he simple \isual reaction time was measured to 
an acruracy of 0.01 Kconds. The white light was turned 
out by a switch situated 30 an distance from the ex- 
aminee's hand, About 40 reactions were cowcutively 
assessed: they followed one another in short irregu- 
lar intervals of 3 4  second duration. 

In the sensomotor test, the examinee was standing 
and estended his right hand and tried to hace the 
irregularly prescribed line on an 8 mm wide and 166 
cm long belt. Every deviation from the prescribed line 
was estimated as a mistake. 

The standing stability without visual control was 
investigated by means of rrgistration of the titubative 
motions of the head: the curve was estimated either 
from the diameter of the circular line or from the 
diameter of the diagonals in their widest and narrowest 
partr 

The muscular force was estimated with the aid of 
the Moa0 ergograph. The examinee picked up a weight 
of 2 kg with the middle finger of his right hand at a 
rate of 68 times per minute. The startle stimulus sound- 
ed as soon a the amplitude of the excursions decreased 
to half of their initial height. 

Besides the changes in e5ciency. we attempted to 
make a generalization concerning the overall effect of 
the motor stutle reaction. The subjective feeling after 
the rartk stimulus and the subjective disIurbance in 
the work were examined. Ditcomfort in the muscles 
of the neck and limbs was considered to have been 
more stmdul in.the genenlisation. 

The d e  reaciion was produced by a klaxon-hoot 
of 100 dB intensity at 1 m distance; the mean frequency 
wzs 3oMoo Hz and BOO4000 Hr B e s i d e s t h e b -  
hoot we used the pistol shot, the peak intensity of 
which was 130 dB at 1 m distance. The pistol shot. 
however, was used only with regard to its effect on 
muscular force. 
In these studies, all subjects had been instructed 

before the experiments. They were informed that some 
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would appear but they were not told the type 
it would be or when it would appear. 

RESC'LTS 

The results of studres with the first group of sub- 
jrcts usins the ?;-test'' showed that dependine upon 
the startle stimuli, the perfonnance declined on the 
nvera:e from 10.3 to 7.4 correct subtractions d u n g  
thc  first 30 seconds. This difference was ststistically 
+.nificant a t  the level p < 0.001 (t-test). XVithin the 
lwxt  Ro seconds the performance retumed to the nor- 
~ m l  level. .* clear-cut increase in the number of In- 
correct reactions was also noted after the startle 
itimuli (from 6.7 up to I2 per minute: p < 0.01l. .I 
iignificant decline was registered during the next 
ti1 inti te. 

In  4 out of S subjects mistakes were observed about 
I? minutes before the provocation of the startle stimuli. 
The incorrect reactions had a clear tenden? to increase 
in  response to the strong disturb stimuli. 

From the results of the above investigation it is a p  
parent that the decline in performance was seen main- 
ly during the first seconds after the startle scimuli: then 
it tended to resume its noma1 level. It was necessary 
to con6nn these results on the basis of a more detailed 
examination. 

Hence. another group of subjects was investigated 
with the 7-test". is shown in F i p r e  1. the number 
of substractions decreased significantly during the 6rst 
seconds after the startle stimuli (from 14 to 9.6 per 
minute: p < 0.001). During the next 15 seconds this 
amount was stabilized at 10.4 (p < 0.01) and the in- 
crease to 12.4 was noticed during the second half of 
a minute.. This diEerence however was statistically in- 
significant The n m b e r  of subtractions resumed its 
initial level only during the next minute. Hence, the 
Freatest number of incorrect reactions was registered 
during the first minute after the klaxon-hoot Within 
the first l5 seconds the majority of incomec4 subhac- 
tions occurred. Most of the mistakes appeared in those 
cubjects who made the largest number of incorrect 
<ubtractiom during the 6rst half of the test. In all 
subjects a decline in perfomwce was w t e d  during the 
first 15 seconds. 

In 10 out of 48 subjeck exposed to the startle stimuli 
a significant decrease of ef6ciency was observed as com- 
pared to that obtained More the st imul i  (the diEerence 
exceeded 30 percent in the h t  30 seconds). Two of 
these subjects were unable to work for 30 Kmnds. and 
one of them even for a whole minute. On the contrary. 
in the first 30 seconds, e.g. in the period of the m n g -  
est effect of the stanle stimuli on the human body. the 
efficiency of 6 subjects increased in compansnn with 
that attained before the stimuli. 

Within the next 30 secunds an increase in perform- 
ance either on the avenge or even above avenge was 
noted in 21 subjects It was surprising that after the 
startle stimuli the efficiency of the subjects with per- 
formance above the avenge showed a significant de- 
crease as compared to those with performance below 
average. The latter were more resistant to the d e  

stimuli. This relationship was statishcally signi6cant 
(p < 0.05). 

I t  is exedent in Figure 2 that in solvine the complex 
sensomotor test the effect of the startle stimuli on the 
duration of the reaction tune as well as on the number 
of correct reactions was obsen.ed. The reaction time 
to exposure after the startle stimuli showed an Increase. 
iThe durdtion of the re:ictions depended on the re- 
peated incorrect reactions I .  Before the startle stimuli 
the avrmge reaction time to the expowre amounted 
to I.% seconds: immediately after the startle stimuli i t  
,hawed an increase to 4.01: the highest time was seen 
during the second exposure dfter the startle stimuli 
(425  seconds). The other tests were solved as rapidly 
as usual. 

Immediately after the startle stimuli the reaction 

i. J 7 

Fig. 1. The effect of the klaxon hoot on the performance in 
:-test. s = 2% 
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time increased in all subjects, except two. The next 
reaction time showed an increase in all subjects. The 
highest reaction times were to 13.0 seconds. 11.8 see- 
onds .ind 10.0 seconds. These reactions were Incorrect 
.init had to be repeated. The  highest reaction time 
after the startle stimuli and the sreatest numlwr of 
incorrect reactiuns were observed in the same subjects. 

The effect of the startle stimuli proved to he most 
informative as far as the number of incunrct rerlctionc 
was concerned. .I ereat number of mistakes occurred 
in hvo e?rposures following the startle st~mulus. The 
ratio of incorrect rextlons in thr  SIX solved situations 
was as follows: 0: 3; 26: 12: 3: 0. T h e  incorrect reaction 
was noticed in more than 2;3 of the subjects exposed 
to the sound of the klaxon-hoot. This difference was 
statistically. significant at the level p < 0.01. The in- 
correct reactions decreased only in 1/3 of the examinees 
(p < 0.05). In 10 out of 11 subjects the incorrect re- 
actions were noted during the previous situation as 
well. 
In the first moment after the startle stimuli the in- 

correct reaction u.as repeated six times. In most cases 
these incorrect reactions occurred in the hand opera- 
tion. .I disorientation lasting over 15 seconds was ob- 
served in h%’o subjects. The subjects with performance 
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Fig. 3. The effect of the rtl& stimulus on tbe h d e  n s d  
reachon time. 3 = 30. 

Fig. 4. The rypiul effm of the 5 t h  StmldVr OD the Xa- 

meter activity of the hand. 
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below the averaee made more mistakes after the startle 
stimuli ip < 0.05). 

The effect of the startle stimulus on the simpk visual 
reartion time can be seen in Figure 3. The total time 
of the 1.0 to 10.0 reaction averaged 0.55 reconds; the  
11.0 to 20.0 reaction. 0.3 seconds; the 11.0 to 3.0 
reaction amounted to 0..3 seconds: the 31.0 to 40.0 
reaction came to 0.3 seconds on the averaee. Hence. 
behveen the 11th and the 20th reaction the shortest 
duration c a s  noted. Bemeen the 1st and 10th reaction 
a eradual shortenine from the be@nning was 5een: 
during the 11th to .Nth reaction the time mas gradually 
normalized. The shortest average reaction was the 17th 
(0.52 seconds]. Between the 1st and 10th reaction we 
noted 7 incorrect reactions; between the 11th and 20th. 
6 incorrect reactions were seen; 13 incorrect reactions 
occurred behveen the l ls t  and 30th reactions: 5 incor- 
rect reactions appeared between the 31st and 40 re- 
actions. The klaxon-hoot resounded behveen the 30th 
and the 31st reactions. The average time of the 31st 
reaction lengthened from 0.55 to 0.63 seconds. Imme- 
diately after the startle stimuli the reaction time of l2 
subjects showed an increase; in 18 subjects a decrease 
was seen. The average time of the second reaction 
after the startle stimuli was 0.61 seconds; this reaction 
had a tendency to get shorter only in 7 subjects: in 
1 subject the reaction was on the initial level and in 
22 subjects a lengthening was observed (p < 0.01). 
During the next rehons the reaction time was gradu- 
ally and nearly regularly standadzed but it resumed 
its initial Ievel only in tht 38th reaction (0.53 seconds). 
I t  WLS the shortest reaction after the s t i m u l i  The 
average reaction time befm the startle stimuli amount- 
ed to 0.45 seconds in the fastest responding subject 
and the slowest responder achieved 0.79 seconds. Both 
extreme reactions were not under the effect of the 
startle stimulus. 

The e&a of the startle h u b  on sensomotor activity 
of the hand was estimated fran the time neassary fa 
the work md frm the incoma reactions The a v m g e  
time of tracing the belt of 166 cm amounted to 265 
seconds. The relative time m respect to the length of 
the line was aearSy e q d  befm and after the startle 
stimuli Befm the startle stimuli the length of the line 
was 56.4 percent: the relarive time n-? for its 
tracing amounted to 57.7 percent We concentrated 
espdany 011 the part of the line of about 10 cm- 
traced immediatdy after the startle s t i m u k r r e -  
spwding to 1.6 scevnds. hc shown in Figure 4. the 
motor reaction immediately &a the d e  stimuli is 
represented by the incomct line and tracing above 
or below the line of the belt. Immediately after the 
startle stimuli incorrect reactions were seen in 11 out 
of 15 subjects. The majority of incorrect reactions sere 
manifested as a tracing above the line of the belt. In 
two cases only this incorrect -acing a p p e d  twice. 
The upper limit was damaged m eight instances; the 
lower o w  in three cases. 

Comparing the part of the line traced immediately 
after the startle stimuli with that before and after 
(with approximately the same number of mistakes) it 
can be seen that the former comprises a sevenfold num- 
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bcr of mistakes. The average amplitude of the curve 
Liter the startle stimulus was 4.6 mm at a dispersion 
,d 1-11 mm. S o  mistakes were noted in 3 subjects with 
thc towest amplitude (neither after the startle stimulus 
, )or  during the experimmti. The length of the inmrrect 
~aiiirking of the curve a\-ero;ed 4.5 cm [,at a dispersion 
, , I  1-10 cm) e.g. of about 1 second. So  correlation be. 
nwen the curve and the incorrect reactions \\-as noted 
r hcfore the startle stimulus I .  

.liter the startle stimulus a decrease of incorrect I?- 

.,ctions was seen in 3 subjects and an increase w3s 
,hewn in 3 of them. The lattrr made the greatest num- 
her of mistakes during the whole e-xperiment. In sub- 
jects with incorrect reactions before the startle stimulus 
1.9 subjects) and after the stimulus ( 7  subjects) the 
mistakes were observed immediately after the startle 
stimulus as well. The higher the rate of a c i n g  the 
qeater the number of incorrect reactions ( p  < 0.05). 
The rate, however. was not correlated with the m e .  

The changes of the titubate motions before and after 
the startle stimulu-when the examinee stood erect with 
his heels and toes touching or when he rtood on his 
right leg-are illustrated in Figure 5. When standing 
on the right leg. the average magnitude of the titubate 
motions increased from 22 mm to 433 mm and after 
the startle stimulus. up to 3 2  mm (measured from 
the diameter of two diagonals). The changes between 
the above positions and t h o s e m e d  after the startle 
stimuli are statistically signi6cant (p<O.005). In 3 
instances we noted wen a better standing position 
after the startle stimulus. The decrease in the standing 
psition was seen in other subjects. The greatest ad- 
verse change in subjects exposed to the sartle stimulus 
\vas SI percent and 55 percent compared to the initial 
values. It was noted that. the most frequent reaction 
provoked by the startle stimulus was the wave of in- 
creased muscular tonus. This was manifested as a em- 
bling and shaking of the whole body. The complete 
loss of equilibrium and the premature msption of the 
erperiments did not armr even in subjects d e r i n g  
from the generalized motor d e  mction. 

The &ect of the startle stin~ulur 011 muscular force 
is shown in Figure 6. The 6rst avenge length of the 
lifting of ergograph weight amounted to 443 mm with 
a range of 30 to 58 mm. The excursions g d u a l l y  d e  
creased. During their decrease to 3 percent and the 
resounding of the klaxon-hoot the time was very 
variable, about B.8 seconds on the average at a 
dispersion of 82-35 seconds. This time represents an 
average of 138 lifhlgs of the weight. The average 
height of the last liftings M o r e  the startle stimulus 
was 23.1 mm. e.g. 521 percent of the initial height. 
The height of the next to the last liftings averaged 23.5 
mm. e.g. 3 . 7  percent of the initial value. The liftings 
shou-ed an increase in all subjects immediateb' after 
the startle stimuli. Relative d u e s  of the fint. sec~~~d 
third, fourth and 6fth reactions after the -le stim- 
ulus were: 27.1 mm (61.9 percent); 27.8 mm (63.7 per- 
cent):26.5mm (605percent);28.9mm(66.1percent) 
and 27.5 mm (62.0 percent). The muscular force in- 
creased progressively after the stimulus. The 4th lifting 
was the highest ( p  < 0.01). After this lifting the mus- 

cular force gradually decreased and approximatelv after 
11.6 liftings (the dispersion 3-33 1. e.g. per 10.5 seconds 
it resumed its initial level. The maximum average in- 
crease of the muscular force amounted to 10 percent: 
the maximum individual increase was 94.7 percent. In 
S subjects the rhythm of :he muscular reactioo was dls- 
tiirhed as well. 

DISCUSSION 
Our results reexding the effect of startle stimuli on 

the performance ot man do not differ essentially from 
those obtained by [Vocdhead'.' and by Culbert.' The 
functions requiring consideration and decision can be 
damaged most of all. The more difficult the problem 

' to be solved the greater the decrease in efficienq. In 
solving a very complex psvchomotor test the perform- 
ance has a clear tendency to decrease in all subjects. 
The deterioration of work reqoiring accurate muscular 
coordination can be noted as well. but only for d short 

, period. In other tests some individuals showed an in- 

I 
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CONCLUSIONS 

crease in e5dency immediately after the startle stim- 
uli. ?he increase. however, was not significant in any 
instanct-. 

During work requii-ing participation of superior men- 
tal functions. decrease and drtenoration in the quality 
of e5ciency manifested itsrlf in many mistakes. Of 
course. the most significant decline In efficieny was 
observed immediatelv after the startle stimuli: then the 
perfoxnance showed a rgadual normalization. IYithin 
30 seconds on t h r  average its initial d u e  was resumed. 
The simple motor tiinctions have a clear tendency to 
normalize imnediAtrI?- after the cessation of the pri- 
m a n  motor reaction ( in most cases 1. 

It was siirprisinr for us to 6nd that the simple reac- 
tion time lengthened too, despite the fact that quite 
the opposite had been expected. The muscular tone 
and force show an increase under the effect of the 
strong auditor)- stimulus for several seconds. It may 
appear when a pistol shot is used in starting athletes 
or a shout i s  used as d stimulus. 

The sigificant and opposite differences in t h e  en- 
durancr of the working efficiency response to the startle 
stimuli can be noted. This daerence amounts to several 
hundred percent. The intemption of the work can be 
observed rven when the subjects have been prepared 
for the stimulus and have tried not to yield to its effect. 
W e  assume that the endurance of some people is 

especially dependent on the state of the nervous syr 
tem and on their esperience. The working efficiency 
decreases especially during non-automatic activity in 
which the durable skills have not been created. The 
greater endurance in respect of the startle stimuli is 
observed in those activities in which it has beQ nffes- 
W? to watch the changes of the stimulus field and to 
react continually (e.g.. in driving a car). 

On the contrary-if it is ne&sary to grasp a great 
amount of information. some to be kept in the 'short" 

tern, the hysterics. neurotxs with anxlehes. the star:ie 
stmulus will probably be much more sign&ant. 

Some conclusions m3y be mdde based upon results 
of this rvork. In mental. complex pychomotor and 
simple sensomotor activih. the performance decreases 
in response to the startle stimulus significant!y. but 
temporarily. The quanti@ and the qualih. ot the ef- 
ficiency declines and the incorrect react& have a 
clear tendency to increase. The lengthening of the 
simple visual time is noted and the titubate motions 
during the standing position on one leg become worse. 
In mental and complex psychomotor activity the 

time of the negative effect on performance represents 
2 3 0  seconds on the average. The motor activity re- 
quiring accuracy of motion in the extremities and 
precise coordination of the motion is under the effect 
of the startle stimulus only for a short period of about 
1-2 seconds. Hence, the activity connected with the 
complex synthetic-analytical activity of the central ner- 
vous system requiring consideration and rapid decision 
is under the strongest &ea of the startle stimulus. The 
strongest effect of the stimulus is noticed after the 
stimulation; then a gradual decrease of the effect can 
be seen. 
only the force of a fatigued muscle showed an in- 

crease. This improvement lasted for a short period 
of about 10 seconds (w  the average). 

Signi6caot individual diEerenes of sensitivity were 
obrsved aft? the startle stimuktim In some subjffts 
the immediate increase after thr stimulation can be 
seen; in othm w the contrary. a panic reaction and 
"blacking- Iastjng about 1 minute may occur. No wm- 
plete disintegration of thinking was noted in this re- 
Spect 

mem- and to react immediately-the perf-ne Startle stimuli Caa cause mistakes in eying especially 
showed a significant decrease. strong stimuli break , .: in a situation requiring rapid d y s i $ .  correct decision 
the b i n  of thought and the subject has to  st^ work- !.' and sensitive reaction. AS a mnrequence of this work 
ing again and if he continus to work h e  makes many " it seems desirable to investigate the endurance of e&- 

! 

mistakes. To complete disintegration of thought under 
the &ect of the startle stimulus has been noted in this 
respect since aU subjets were able to continue and 
finish their work. 
How does the interruption from activity ormr? h- 

ing the 6rst moments the distu&nce in performance 
appears as a result of the primary motor reaction which 
is g e n d e d  to a certain extent. Its cessation is fd- 
lowed by the s e c o n e  aienfing reaction and the 
subject concentrates his attention on the test, tries to 
continue and as a matter of fact he starts working 
again. 

The sudden strong noise penetrates into the CSS: 
through the reticnkr formation is spread over the vari- 
ous areas; the process arising in the cortex is inter- 
rupted and su@ed. 

It is evident that the startle reaction is of great im- 
portance in survival of the individual in the modem 
world. However. it is often purposeless and occurs in 
situations in which it is undesirable and ridiculous. 
.e to people with unbalanced superior nervous sys- 
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c i e n ~ y  relative to the startle-simuius in dI employees 
~II which a short reduction of efficiency may threaten 
safety in flying. 
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