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In the EEG of s tudents  during examInat ions  the slow high-ampl i tude rhy thm is inc reased ,  
mainly  in the occipi ta l  r eg ions .  

Invest igat ions [5-7] have shown that  menta l  act iv i ty  produces  genera l ized  depress ion  of slow act ivi ty  
on the EEG. At the same  t ime,  unfavorable  env i ronmenta l  fac tors  a re  known to contr ibute  toward the ap-  
pea rance  of a h igh-ampl i tude  slow rhy thm on the EEG [2,3]. 

The object of the invest igat ion desc r ibed  below is to analyze changes in e l ec t r i c a l  act iv i ty  of the hu-  
man bra in  during in tens ive  menta l  act ivi ty  when the subjec ts  were  in a s tate  of s t r e s s .  

E X P E R I M E N T A L  M E T H O D  

A four-channel  b io rad io t e l eme t r i c  s y s t e m  (4Bl iP-I )  and a cor respondIng  two-channel  sy s t em (2Bt~P- 
2) were  used for the invest igat ion.  The appara tus  and method were  designed and developed by the Sverd-  
lovsk B io rad io te l eme t r i c  Group under the di rect ion of P r o f e s s o r  V. V. Rozenblat .  The t r a n s m i t t e r ,  weigh- 
ing 590 g (4BEP-1) or  260 g (2BliP-2) was fixed in the pockets  or  on the belt  under the outer  clothing worn 
by the subject  (students during examinat ions) .  The f requency c h a r a c t e r i s t i c  of the s y s t e m  at the 3 dB level  
is 0.5-100 pulses ,  ampli tude dis tor t ions  with an in te re lec t rode  r e s i s t a n c e  of 10 k~ do not exceed 5%, the 
double noise ampli tude is not m o r e  than 5 pV, the dynamic range  5-200 gV, and suppress ion  of cophasal  
in t e r fe rence  is not l ess  than 100 t i m es .  The ins t ruments  have quar tz  f requency s tabi l izat ion and opera te  
in the u l t r a shor t  waveband. The distance through which informat ion can be t r ansmi t t ed  is not less  than 
100 m (4Bt~P-1 sys tem)  and 25 m (2BliP-2 sys t em) .  The r a d i o r e c e i v e r  with decoder  and r e c o r d e r  (4EI~G-1 
e lec t roencephalograph)  were  kept in the exper imenta l  l abora to ry ,  which was next to the examinat ion hall .  
Cuff-shaped e l ec t rodes  made of pure  tin were  fixed to the sub jec t ' s  head by means  of a s y s t e m  of rubber  
bands and an e las t ic  chin s t r ap .  Hair  under the e l ec t rodes  was displaced to the side,  and the skin was 
t r ea ted  with a mix tu re  of  alcohol and e ther  In the propor t ion  1 : 1. Bra in  potent ia ls  were  r eco rded  f rom 
the s e n s o r i m o t o r  and occipi tal  reg ions  of both h e m i s p h e r e s  with the zero  e lec t rode  placed in the region 
of the ve r t ex  (the ve r t i ca l  lead [4]). Informat ion was r eco rded  repea ted ly  in the course  of one observa t ion  
with the eyes  open and closed:  before  the examinat ion,  while p repa r ing  to a n s w e r - a t  the second, 10th, 15th, 
20th, 40th, and 50th minutes ,  during the o ra l  examinat ion,  and twice af ter  the examinat ion.  Altogether 10 
students f rom the f i r s t  and second courses  of the Insti tute of National Economy took pa r t  in the inves t iga -  
tion: seven women and three  men aged f rom 18 to 37 y e a r s .  None of the subjects  had any nervous  or phy-  
s ica l  d i s o r d e r s .  The observa t ions  were  c a r r i e d  out during examinat ions  in work  physiology,  h i s to ry  of 
the CPSU, and higher  m a t h e m a t i c s .  With the exception of one subject ,  who rece ived  an unsa t i s fac tory  
m a r k ,  the r e m a i n d e r  answered  well .  
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Fig. 1o Radioelect roencephalogram (REEG) of student No, 
aged 19 yea r s ,  while prepar ing to answer in an examina-  
tion with the eyes open: A) at the 15th minute; B) 50th 
minute; 1) left sensor imotor  lead; I1) left occipital;  III) 
right occipital ;  IV) r ight  sensor imotor  leado 
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Fig, 2. REEG of student N~ aged 19 yea r s ,  at 20th rain- 
ute of prepar ing to answer with eyes opened (A) and 1o5 
min after receiving examination paper (B). Arrow indi- 
cares time of closing eyes~ Leads as in Fig. 1. 

E X P E R I M E N T A L  R E S U L T S  

From the time that the student received his examination ticket and began to prepare  his answer,  in 
most  cases the pattern of brain e lec t r ica l  activity showed sharp changes. Despite the beginning of inten- 
sive mental  work, instead of a depress ion of slow activity it was increased~ With the subject ' s  eyes open, 
while thinking over his answer and making various notes,  drawing graphs and d iagrams,  the EEG was domi-  
nated by slow high-amplitude waves in the occipital  regions of one or both hemispheres  (Fig~ 1A). This 
activity was also found in the sensor imotor  a reas  only in one case,  and even then it was much more  marked 
in the occipital leads. This rhy thm,whichwas  very regular  , could pe rs i s t  for a long time and reached an 
amplitude of 60-90 pV and a frequency of 1 1 - t 3 / s e c .  Periodical ly,  at var ious intervals ,  it was replaced by 
a rhythm of lower amplitude and frequency, or was extinguished, and changed into a low-amplitude activity 
(Fig. 1B)o Desynchronization of this type was observed most  frequently in the middle or at the end of the 
period of preparkng the answer,  when the subject was tranquil .  The beginning of the answer again caused 
the appearance of high-amplitude slow activity in the same leads,  frequently with pointing of the waves~ 
Sometimes instead of this rhythm,  grouped paroxysmal  d ischarges  of high-ampUtude (~- and A-,  less f re -  
quently of O- rhy thms  were observed (Fig. 2A)~ Throughout the period of preparat ion and during the answer,  
if the eyes were  momentar i ly  closed, (~-activity of varied intensity was recorded  in all leads.  The ampli-  
tude of the waves often was the same whether the eyes were open or closed. A s imi lar  regula r  rhythm with 
frequency of 5 - 7 / s e c ,  and with a definite and constant distribution over the cor t ica l  a reas  (the s t r e ss - rhy thm)  
is also found in animals.  It is regarded  as a rel iable e leetroencephalographic  sign of negative emotional 
excitation [2]. 

Students are evidently profoundly agitated during examinations,  with anxiety in the face of an unfami- 
liar question and doubts about the co r rec tnes s  of the answer;  all these cause the periodic appearance of 
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TABLE 1. Mean Values of C / 0  in Different  Pa r t s  of the Bra in  for Three  

Students dur ing Examinat ions  

Left  hemisphe re  I Right hemisphere  

Time of m e a s u r e m e n t  region 

Before  examinat ion 
While p r epa r ing  to answer  
Af ter  examinat ion 

s e n s o r i -  
mo to r  

5.1 
6.1 
3.2 

occipi ta l  

1.7 
5.1 
2.8 

s e n s o r i -  
mo to r  

4.2 
4.7 
3.8 

occipi tal  

1.3 
5.0 
1.4 

the rhy thm descr ibed  above.  The p r e s e n c e  of this act ivi ty  cannot be r ega rded  as due to predominance  of 
inhibition in these  pa r t s  of the cor tex .  If the C / O  ra t io  (the r a t io  between the latent  per iod of the r e sponse  
to closing and opening of the eyes) ,  which re f l ec t s  the re la t ionship  between excitat ion and inhibition [1], was 
used for guidance,  in all the cases  observed  it never  fell  below 1. According to data in the l i t e ra tu re  [1,4], 
ca ses  with C / O  g r e a t e r  than 1 co r respond  to a r e l a t ive ly  high s ta te  of brain  function. Changes in C / O  at 
dif ferent  t imes  of examinat ion a re  given in Table 1, as mean values  for  three  subjects  on the bas is  of 86 
m e a s u r e m e n t s .  

In the f i r s t  few minutes  a f te r  dis t r ibut ion of the examinat ion  pape r s ,  in all ca ses  the pa t te rn  of b ra in  
e l ec t r i c a l  act ivi ty  was sharp ly  modified,  and it  cor responded  la rge ly  to its s ta te  before  the examinat ion 
(Fig. 2B). Three  ca s e s ,  when throughout the per iod of the examinat ion signs of desynchronizat ion were  p r e -  
dominant  and slow high-ampl i tude  act ivi ty  was hard ly  obse rved  at all,  dese rve  specia l  mention.  These sub-  
jec t s  were  t ranqui l  throughout the examinat ion .  

It c a n  thus be concluded that the whole of the condi t ioned-ref lex  behavior  during a s tate  of s t r e s s  such 
as occurs  during examinat ions  co r r e sponds  to a definite EEG syndrome ,  consis t ing mainly  of an inc rease  
in high-ampli tude,  pe r iod ica l ly  r egu la r  or p a r o x y s m a l  slow act ivi ty,  with the eyes  open, espec ia l ly  in the 
occipi ta l  r eg ions .  The vi ta l  ro le  of nervous  and emot ional  s t r e s s  is shown by the fact  that in none of the 
e a r l i e r  observa t ions  made on students during l ec tu re s  we re  such changes in the brain  rhythm observed .  

The appearance  of a stow rhy thm is in t e rp re ted  as a sign of inc reased  activi ty of cor t ica l  and subcor -  
t i ca l  e l ements ,  and not of p redominance  of inhibi tory p r o c e s s e s .  
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