
HBAD ACCELERATION AND PSYCHOMOTOR PERFORMANCE 

Wing Connnander D . C .  Reader , RAF Institute of 
Aviation Medicine , Farnborough, Hampshire , UK 

SUMMARY 

Concu s s ion resu l ting from head acceleration could exp lain the poor 
survival rates in some types of accidents , Experiments have been conducted on 
a decelerator us ing a tracking task to determine whether high head acceleration 
could affect psychomo tor performance .  

Human subj ects were exposed to impact acceleration of 0 (sham) , 5 ,  10 and 
1 2-Gx facing forwards .  Measurements were made of the l inear and angular 
accelerations experienced at the head and a s tep tracking task was u s ed to 
examine psychomotor performance .  Electro-encephalographs were also recorded . 

Both the l inear and angular accelerations at the head were increased at 
the higher levels  of impact acceleration. At -SGx there were no significant 
differences in psychomotor performance when compared with control s ,  but at 
-lOGx and , especially -12Gx , s ignif icant differences were found , The EEG 
activity did not vary s ignificantly and no concu s s ive effects were observed in 
any subj ect . 

These resu l t s  suggest that impairment of psychomotor performance severe 
enough to j eopardise survival could be produced by high accelerations of the 
head , though neither l inear nor angular acceleration appear to have spec ial 
s ignif icance . 

INTRODUCTION 

Survival in impacts depends on many factors , of which the mos t  s ignif i
cant is probably the magnitude of the forces of impac t .  However , there have 
been many aircraft accidents where the estimated forces of  impact were below 
normal physical tolerance , yet the occupants made no attempt to escape from 
the wreckage .  In these accident s ,  no head impact occurred which could account 
for the lack of purposive action, yet the occupants e i ther drowned following 
water entry, or were incinerated in a pos t-crash f ire . No pos t-mortem 
evidence could be produced to explain the inactivity of the occupants f o llow
ing impac t .  P il o t s  have been observed to b e  "dazed and semi-conscious" in 
such incidents . 

Head Acceleration 

Ommaya et al  (1 966) observed that the whiplash effect (rapid extension 
and f l exion of the neck) could cause concu s s io n ,  and that l imiting neck move
ment by means of  collars raised the threshold for concu s s io n .  Subsequent work 
(Genar a l l i  et a l , 1972)  suggested that angular acceleration was more effective 
than linear acceleration in producing concu s s io n .  Some impact experiments 
invo lving human volunteers have produced s imilar effects ; for example Snyder 
(1970) report s  " stunning and confusion" after some forward facing impacts . 
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In order to determine whether head acceleration could produce a syndrome 
in man s imilar to that seen in experimental concu s s io n  in animal s ,  an experi
ment was devised to expose subj ects to gradually increasing impact forces . 
However , concu s s ion would be l ikely only as  a result of  high levels of 
acceleration and these would be both dangerous and diff icu l t  to impose upon 
human subj ects . Lower levels of acceleration , while not inducing c linical 
concuss ion, should produce changes in behaviour , and these should be detect
able with some form of psychomotor task.  In addi tion, such a task might be 
related to the abil ity of a pilot to escape from an aircraft following impac t .  
The task used was that devised by Gibbs (1966) . EEG activity was also recorded , 

METHODS 

The experiments were conducted on the l inear decelerator at the RAF 
Ins titute of  Aviation Medicine (Du tton , 1973)  us ing 26  male members of  staff , 

A metal seat frame was mounted facing forwards on the decelerator , The 
support ing surfaces were made of moulded f ibreg las s ,  a f ive point res traint 
harnes s  was f itted and an arm r e s t  was placed on the r ight s ide , An accelero
meter was bolted to the carriage s tructure . 

Metal bite p lates were constructed and covered with dental impress ion 
material which was then moulded to each subj ect ' s  dental b i te . Two l inear 
accelerometers were mounted on these plates in the vertical and horizontal 
planes together with an angular accelerorneter recording in the saggital 
(pitch) p l ane , EEG electrodes were placed on the right s ide of  the scalp of 
the subj ect s ;  one pair on the front-parietal area and the other on the 
occiput . After amplif ication , the output from the accelerorneter s and EEG 
e lectrodes passed by a trail ing l ead to a central recording consol e ,  Data 
were recorded on a 14 channel FM tape recorder and on an ultra-vio let l ight 
galvanometer recorder . 

The psychomotor task was presented to the subj ects by two identical 2 1  
inch TV rnonitor s ,  connected in parallel , po s i tioned a t  each end o f  the 
dece l erator track so as to be in an identical position relative to the subj ect 
before and after impact . The task was generated by a PDP 8 digital computer 
and cons i sted of a spot light which could be pos itioned above any one of f ive 
arrow p o inters arranged in a horizontal l ine . A movab le vertical cursor l ine 
was a l so presented , the position of which was controlled by a srnall hand 
contr o l l er mounted on the arm rest , The task presented a spot in any of the 
f ive po s i t ions in random order and required the subj ect to move the cursor to 
occlude the spo t ,  The spot then re-appeared in a different pos ition . The 
task was conducted for periods of 4 minutes . Four separate periods were 
grouped with 2 minute rest periods to make a total s e s s ion of 22 minu tes . On 
those trials in which the subj ects experienced impac t ,  this occurred 
innnediately before the third period of tracking . Thu s ,  there were two 4 min
ute periods before impact and two after . Each subj ect a l so performed othe.r 
s e s sions of tracking as contr o l s  without impact , The decelerator bu ild ing 
was darkened , and noi s e  and d i s traction were minimised . A l l  the subj ects 
were exposed to a lengthy training programm.e u sing the psychomotor task until 
their performance stab i li s ed . 

The exper iments were conducted in separate phases . Phase 1 u sed a 
decel eration impul se set at 5 . 3G peak , with an overal l duration of 0 , 6  sec . 
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The velocity before impact was 8 ms-
1

. In Pha s e  2 ,  the peak was set at 10 . 6G 
with an impulse duration of 86 ms , but with a s imilar velocity before impact .  
Phase 3 used an impulse with 1 2  SG and a 7 1  ms duration. However , the speed 
before impact was slower (6 ms-i ) . The l imitat ions o f  the decelerator 
mechanism did not allow s imilar r at e s  of  ons e t , dura t ions and veloc i ty changes 
to be maintained through the serie s .  

In order to examine whether apprehension could affect tracking abi l i ty ,  
some subj ects were prepared for deceleration, bu t the run was aborted , 
P sychomotor performance was analysed as in the real impact s . As the value 
of this investigat ion depended on the subj ect not knowing whether a decelera
t ion would occur or not ,  only half the sub j e c t s  could experience a 1 sham ' run. 
This was conducted on a randomized doubl e  b l ind bas i s . This cons ti tuted the 
fourth phase (to be referred to as phase 0 )  and 9 subjects  participated . 

E ighteen subj ects took part in the f ir s t  phas e ,  four in the second and 
four in the third , As the experiments were spread over a cons iderab le period , 
s taff changes prevented the same subj ects  par t i c ipating in all phases . 

RESULTS 

Accelerations 

The mean accelerometer data for the three phases of the experiments are 
presented in Table 1 .  The table shows that the peak accelerations of the head 
(both l inear and angular) increased with increased deceleration, 

EEG Data 

The EEG data were replayed from magnetic tape into a hybrid dig i tal 
analogue computer and analyser us ing a method devised by Byford (1964) . The 
data were f i l t er ed into four frequency bands , and each band was then squared 
to increase the s i gnal to no i s e  ratio and to convert all data to positive 
values , The informat ion in each band was then integrated and plot ted against 
t ime . Changes in act iv i ty of the EEG were thus shown as changes in s lope of 
the l ine s ,  whi l s t  artifacts presented as vertical step s . All traces showed 
s t ep changes at the moment of impac t ,  but no s ignificant al terations of slop e .  

Subjective Comments 

There were f ew subj e c t ive comments .  In phases 2 and 3 ,  two runs produced 
sl ight headache and two runs caused neck s tiffness which per s i s ted for twelve 
hours .  Approximately half the subj ects noted a feel ing of isolation immed
iately after deceleration . They f e l t  detached from their surrounding s ,  but-,� 
this fee l ing did not per s i s t  beyond one minute ! 

P sychomo tor Task Data 

The psychomotor performance of the subjects  was recorded as the "latency 
time" and "movement t ime" for each response . Latency time i s  the t ime inter
val from a fresh spot appear ing unt il  the subj ect first  moved the cursor line 
to follow i t ,  whi l s t  "movement t ime" is the time interval between the s tart of 
movement and occlus ion of  the spo t . In addi tion, whenever the subj ect 
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initially moved the cursor in the oppo s i te d irection from that requ ired , an 
error was recorded , Final l y ,  the total number of spets succes sfu l ly o ccluded 
in four minutes was recorded , This was the f ir s t  index of performance to be 
used in the analys i s  (Table 2) . 

The data are grouped into the 4 phases (including the sham runs as phase 
O) and mean values are g iven . Compari s ons are made of  the scores obtained 
from the 3rd period (ju s t  after impac t ,  or sham) with mean values from the l s t , 
2nd and 4 th period of the same s e s sion . In add i t ion , scores from the 3rd 
period are compared with tho se of the 3rd period of  the control s e s s ions . 
Coefficients of probab i l i ty (p) are g iven for the s ignificance of  differences 
b e tween adj acent f igures in the t able . 

When the scores of the third period are compared with the means of 
periods 1 ,  2 and 4 ,  s ignif icant drops are seen in phase 2 (p = 0 . 01 )  and phase 
3 (p = 0 . 05) . When comparing scores from the third period with those from the 
third period of a control s e s s ion , only the differences obtained in phase 3 
are s ignif icant (p = 0 . 00 1 ) . 

No s ignif icant dif ferences appear in the sham runs , or in phase 1 ( 5 . 3G) . 

A further analysis was made to see whether impact affected the number 
of errors made . Mean values showed no significant d ifference b e tween decelera
t ion and control ses s ions , Unlike the t o tal number of hits , the number of 
moves in error was unaffected by impac t . 

Latency t imes were also analysed . Latencies from succes s ive groups of 
ten moves were meaned and each value was then compared with the appropriate 
figure for the o ther sessions . An analysis of variance showed that whi l e  
there were sma l l  diff erences in the groups o f  means and overal l  mean values 
between decelerat ions and controls , these d if ferences were not s ta t i s tically 
s ignificant . 

Movement t ime data were analysed in a s imilar way and as w i th the 
latencies , movement t ime d id change sl ightly wi th deceleration, but the 
changes were not s ignif icant . 

An analys i s  was a l s o  conduct ed to compare individual measures of per
formance with individual accelerations . No signif ican t  correlations emerged 
when us ing a l l  the data from pha s e s  1 ,  2 and 3 .  However , the data from phase 
1 d id show signif icant correlation between p sychomotor decrement , and head 
vert ical (+Gz , r = 0 . 5 6 ,  p = 0 . 02)  and forwards peak angular (+Ry , r = 0 . 5 1 ,  
p = 0 .05) head acceleration with p sychomotor performance decremen t .  Data from 
phases 2 and 3 showed s i gnif icant correlation between peak head horizontal 
l inear accelerat ion (+Gx , r = 0 , 5 2 ,  p = 0 . 05) and performance decrement . 

DISCUSSION 

Obje c t ive 

The obj ect of the experiments was to measure the p sychomo tor performance 
of human subj e c t s  before and after exposure to different cond i t ions of head 
accelerat ion achieved by varying the impact decelerat i on of a s ea t . 
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Accelerometer Da�a 

Analysis of the records showed that the individual dental impres s ion, 
when held by the c lenched teeth, prevented any movement relative to the teeth 
and r e l iable recordings of head accelerat ion were obtained , The data in 
Table 1 shows that as the seat decelerat ion increased , the head ver tical and 
horizontal linear accelerat ion also increased , but at a greater rat e ,  The 
head angular accelerat ion also increased with s eat deceleration, but at a 
lesser rate , 

EEG Variance 

Before impac t ,  the EEG showed considerable interference from the elec tric 
winch and switch gear of the decelerator which caused s t ep changes in the EEG 
variance curves .  In the latter part of the periods of tracking there was no 
inter f erence and the EEG variance graphs showed l i t t l e  artifact and the data 
were reliable . However , the graphs af ter impact were es sentially s traight 
l ines so they did not show any s ignif icant effect due to accelerat ion . More
over , at no t ime during the decelerat ions was there any s ignif icant impairment 
of consciousness . The impact was brief and subj ect s  appeared alert throughout . 

P sychomotor Performance 

Many methods exi s t  for examining human performance . No method has found 
universal acceptanc e ,  but this is expected as there are many different aspects 
of  human performance . The mos t  appropr iate measure of a pilot ' s  abi l ity to 
escape from a cockpi t  af ter impact would involve an exac t  s imulat ion of that 
task . Proving the reliab i l ity and repeatab ility of such a task would be so 
d iff i cult as to make it not worthwhil e .  

A task requiring visual , psycho logical and motor aspects was sought . 
A potential cand idate was a tracking task which had been used under a wide 
range of cond i t ions , including hypoxia . Hypoxi a  can cause unconsciousnes s ,  
but mild hypoxia can produce changes in behaviour s imilar to concus s ion , and 
Denison e t  al , (1974) showed that the decrement in subj ects ' performance 
correlated well with changes in inspired oxygen tens ion . Moreover , the EEG 
a c t iv ity of the subj ects had also been related to psychomotor performance 
when a s s essed in this way , 

The init ial cornpari son of performance was between the third period of 
the deceleration and control s e s s ions . The rnean number of  hits achieved in 
the 4 min periods was reduced by 2 , 3  in pha s e  1 ,  by 6 . 3 in phase 2 and by 14 . 2  
in phase 3 ,  ' S ham' runs reduced the number of hits  by 2 . 5 ,  Only the reduction 
in phase 3 was s t at i s t ically s ignificant (p = . 001 ) . 

The next compari son was between the third periods of the decelerat ion 
s e s s ions and the other three periods of the same sessions , Here the reduc
t ions wer e : - sham, 0 . 9 ;  phase 1 ,  1 . 9 ;  phase 2 ,  1 1 . 8 ;  phase 3 ,  8 , 0 .  Only 
differences in phases 2 and 3 were signif icant (p = 0 . 01 and 0 . 0 5  respect
ively) . Errors ,  latenc ies and movement t imes d id no t show any c l ear effect 
due to decelerat ion . 
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The data from the psychomotor task demonstrate that deceleration can 
impair performance immediately following impac t ,  but that performance 
recovers within a few minutes (i , e .  by the 4 th period of the s e s s ion) . 
Increas ing the deceleration of the carriage increases the performance defic i t ,  
Below 10 . 6G ,  no signif icant decrement could b e  demons trated . There i s  a small 
effec t ,  probably due to apprehens ion, as shown by the sham runs , and thi s  
effect i s  s imilar to that seen a t  5 . 3G , but nei ther effect was statis t ically 
s ignificant , 

The analys i s  of  individual performance and accelerat ion data does not 
support any c lear d i s t inction between the effects of l inear as opposed to 
angular head acceleration, but suggests  that both probably have some effect 
on p sychomotor performance . More work with many more subj ects would be 
required before f irm conclusions could be drawn . 

These experiments have shown that the abi l i ty of  a subj ect to perform a 
simp l e  tracking task is impaired after deceleration, but that at the impact 
level s  imposed , the effect i s  trans itory , At much higher leve l s , the effect 
could be more pronounced and langer last ing , even to the extent of  uncon
sciousne s s . This would obviously impair the abil i ty of a crewman to escape 
the wreckage of an aircraft and j eopardise his survival . More work is 
required to quant ify this r i s k .  
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TABLE 2 PSYCHOMOTOR PERFORMANCE 

Number of 1 hi t s ' in periods 
Phase S e s s ion 

0 

1 

2 

3 

3rd Mean of l s t ,  2nd & 4 th 

(sham) Mean of contro l s  127 . 5  NSD 1 28 . 5  

NSD NSD 
Sham impact 1 2 5  NSD 1 2 5 . 9  

Mean of contr o l s  133 . 2 NSD 1 3 4 . 0  

NSD NSD 
Impac t 130 . 9  NSD 132 . 8  

Mean of  controls 139 . 8  NSD 13 8 .  9 

NSD NSD 
Impact 133 . 5  p = 0 . 01 145 . 3  

Mean o f  contr o l s  147 . 7  NSD 145 . 5  

p = 0 . 001 NSD 
Impac t  133 . 5  p = 0 . 05 1 4 1 . 5  

The coefficient of probab i l ity (p) i s  g iven for the s ignif icance 
of the differences b e tween adj acent values . NSD = No s ignifi
cant d i f f erence . 
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