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Stat is t ical  c h a r a c t e r i s t i c s  of the EEG were  obtained by means  of which its r e sponses  to p e r f o r m a n c e  
of va r ious  types  of mental  work  can be dis t inguished without r e g a r d  to the pa t t e rn  of the background EEG 
or  to i ts  changes produced by mental  act iv i ty .  The a - r h y t h m  of different ia t ion is based  on the probabi l i ty  
ra t io  of a two-dimens ional  probabi l i ty  density.  An analys is  was made of the EEG reco rded  during 37 a r i t h -  
met ica l  ca lcula t ions  and 29 examinat ions  of a p ic ture  made by 22 subjects .  The r e su l t s  of different iat ion 
in t ra ined  and control  groups  were  approx ima te ly  the same  (91% of c o r r e c t  r e sponses ) .  The resu l t s  a r e  r e -  
garded  as  evidence of the coding in the EEG of neurophysiologieal  p r o c e s s e s  playing a role  in the o rgan iza -  
tion of mental  work.  

The development  of re l iab le  methods of dist inguishing between different  mental  s ta tes  by means  of 
the EE G would prov ide  a convenient  means  fo r  the solution of complex  psychophysiological  and neurophys io-  
logical  p r o b l e m s .  

The f i r s t  r e p o r t s  of the poss ib i l i ty  of such different ia t ion appeared  in my e a r l i e r  pape r  [1]. By e x a m -  
ining coeff ic ients  of co r r e l a t i on  of 3 b ipo la r  r eco rd ings  of the EEG with e lec t rodes  placed in the infer ior  
par ie ta l ,  occipital ,  and t empora l  regions,  I found sl ight  yet  s ta t i s t i ca l ly  significant d i f fe rences  between the 
coeff ic ients  of co r r e l a t i on  during a r i thmet ica l  calculation,  verba l  descr ip t ion  of a p ic ture ,  and cer ta in  other  
types  of act ivi ty .  However,  the coeff ic ients  of co r r e l a t i on  enable  different iat ion to be p e r f o r m e d  only when 
the mental  act ivi ty  evokes  a ce r t a in  degree  of inhibition of the a - r h y t h m .  
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Fig. 1. Pr inc ipa l  types  of in fe r io r  p a r i e t a l - o c c i p i t a l  r e c o r d -  
ing of spontaneous EEG, during a r i thmet i ca l  calculation,  and 
during descr ip t ion  of p ic ture .  A) Stable a - r h y t h m ,  B) desyn-  
chroniza t ion  of a - r h y t h m  during activity,  C) s table  f l - rhythm;  
I) background; II) a r i t hme t i ca l  calculation, III) descr ip t ion  of 
pic ture;  II and III) 5th second a f te r  final instruct ion.  D i sc re t e  
t r an s fo rm a t i on  shown below EEG, by means  of which durat ion 
of EEG phases  was a s s e s s e d .  Cal ibra t ion  25 #V. 
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TABLE 1. Discr iminant  2-Dimensional  Table (PAB, PVL) 
for  Distinguishing Two Types of Mental Work 
(Arithmetical  calculation and verbal  descr ipt ion 
of a picture) f rom Par ie to-Occip i ta l  Recording of EEG 

PVL 

Legend: numbers  r ep resen t  diagnostic coefficients 
(logP). Regions with the same diagnostic coefficient are  

shaded in the same way; double shading denotes bound- 
ary  between regions .  When points (PAB, PVL) fall on 
the boundary, half the sum of the diagnostic coefficient 
of neighboring regions should be taken. 

Subsequently, to detect  responses  associa ted  with human mental and psychological  activity in general,  
a method of s ta t is t ical  analysis  of the durations of waxing and waning phases  of single EE G waves was used 
[2, 3]. It was found that the level of a s y m m e t r y  of phase duration for  par ie to-occip i ta l  record ing  in persons  
with a stable a - r h y t h m  changes in a regula r  manner  during various types of mental work, but these r e -  
sponses are  not a l inear function of the original level of a s y m m e t r y  but are  charac te r i s t i c  of the par t icu lar  
subject investigated, and they cannot therefore  enable rel iable differentiation to be made in the general  
case. 

In this paper  an account is given of a study of the informat iveness  of cer ta in  s tat is t ical  indices cha r -  
ac ter i s ing  the duration of phases and their  connection with the amplitude of the EEG, as a resu l t  of which 
EEG charac te r i s t i c s  were selected which, even with the use of a single channel and a suitable rule for solu-  
tion, could distinguish the EEG responses  to ar i thmetical  calculation (AC) and verbal  descr ipt ion of a p ic -  
ture (DP) for  a group of persons  i r respec t ive  of other cha rac t e r i s t i c s  of the background EEG or its changes 
evoked by mental activity. 

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

In the experiments  22 subjects  aged 17-35 yea r s  were  instructed to multiply two-figure numbers  or 
to descr ibe  a picture in their  own words.  Altogether  37 AC and 29 DP pe r fo rmances  were analyzed. Some 
of the instruct ions required the pe r fo rmance  of ar i thmet ical  operat ions with assigned numbers  and desc r ip -  
tion of a pa r t i cu la r  pic ture  (28 • 26, 56 • 37, "descr ibe  the p ic ture '  The Ninth Rampart , ,  ,' and so on). In 
other  cases  the subject was inst ructed to multiply any two figure numbers  at will and to describe: any pic-  
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TABLE 2. Results  of Classif icat ion for EEG 
Pat te rns  Corresponding to Ari thmetical  
Calculation and to Verbal  Descr ip t ion 
of a P ic ture  in Training Groups (10 persons) 

Results  of d i s c r imi -  
nation 

Calculation . . . . . . .  
P ic ture  . . . . . . . . .  
Indefinite . . . . . . . .  

In real i ty  

Calcula-  
P ic ture  

tion 

18 (13) 0 (0) 
2 (1) 14 (14) 
o (6) o (o) 

TABLE 3. Results  of Classif icat ion of EEG 
Pa t t e rns  Corresponding to Ari thmet ica l  
Calculation and Verbal  Descr ipt ion 
of a P ic ture  in Control Group (12 persons) 

Resul ts  of d i s c r i m i -  
nation 

Calculation . . . . . . .  
P ic ture  . . . . . . . . .  
Indefinite . . . . . . . . .  

In real i ty  

Calcula-  
Pictu re 

tion 

14 (10) 1 (1) 
3 (3) 14 (10) 
0 (4) 0 (4) 

ture with which he was familiar .  The subjects were 
placed in a screened,  half- l i t  room in a sitting or  
lying position with their  eyes closed. Subjects were 
chosen at random. Two of them had no a - r h y t h m  in 
their  background EEG and no changes could be pe r -  
ceived visually during activity (Fig. 1C), while in 
13 subjects a definite a - r h y t h m  was observed both 
on the background EEG and during per formance  of 
the tes ts  (Fig. 1A), and in 7 other subjects  definite 
inhibition of the a - r h y t h m  developed during activity 
(Fig. 1B). The EEGs were recorded  on a "Kaiser"  
electroencephalograph.  The fi l ter  was in the mean 
position and the time constant 0.3 sec. 

A stat is t ical  analysis  was m a d e  of the EEG in 
infer ior  pa r i e t a I -occ ip i t a l  leads f rom the left hemi-  
sphere.  The occipital e lect rode was 2-3 cm above a 
horizontal  line passing through the occipital tube- 
ros i ty  and 4-5 cm to the left of the midline. 

The interelectrode distance was 4 cm. Com-  
mutation of the e lect rodes  was so ar ranged Chat up- 
ward deflect ion corresponded to an increase  in neg-  
ativity of the occipital region relat ive to the parietal .  

Analysis  of EEG and procedure  of selection 
of informative charac te r i s t i c s .  The following mea-  
surements  were made for  each second of the t racing:  

A) duration of ascending phase; B) duration of descending phase, L = A + B  (period), A = A - B  (asym_- 
metry),  and V (amplitude). 

The mean values of these indices and also their coefficients of corre la t ion in pairs  were calculated 
for success ive  intervals  of 5-8 sec: 

A, B, L, A, V, PAB, PAV', PB~ r, PVL, PAy, PAL, PA&, PB&, PAL, PBL(*)' 

The basis  of the method of analysis  and the method of measurement  and calculation of these values 
as used in this case is descr ibed in ea r l i e r  papers  [3, 4]. 

The pe r fo rmance  t ime (AC or DP) was 30-100 sec, i.e., it consisted of several  5-8 sec intervals.  
For  each pe r fo rmance  of the activity there  was thus a corresponding table with rows of (*); the number of 
these rows was equal to the number of 5-8 sec intervals .  By combining the values of all corresponding 
columns for  all pe r fo rmances  of a par t i cu la r  activity and for all subjects, unidimensional h is tograms were 
constructed for  AC and DP separately .  

These h is tograms were found to contain insufficient information for  c o r r e c t  conclusions to be drawn 
ei ther by Wald's  homogeneous procedure  of probabili ty rat io for  each c r i t e r ion  separately,  or  by a he te r -  
ogeneous sequential p rocedure  using all cha rac te r i s t i c s .  A s s e s s m e n t  of two-dimensional  probabili ty den- 
si t ies for values of s ta t ics  belonging to different columns, however, revealed pairs  which appea r su f f i c i en t -  
ly informative for  the solution to the problem.  The information contained in a pai r  of s ta t is t ics  (A, p AB) 
(~, A), (p AB, P AV), (P AB, P VL) and so on will be called the two-dimensional  charac ter i s t ic .  In this paper 
only the cha rac te r i s t i c  (p AB, P VL), which has the grea tes t  informativeness  for separat ion of AC and DP, 
wilt be considered.  

The informat iveness  of 1- and 2-dimensional  cha rac te r i s t i c s  was measured  by the Kul lback-Wald  
interval  [5]. 

Construction of the discr iminant  table. The a lgor i thm of separat ion was based on tests of the prob-  
ability ratio.  The necessa ry  es t imates  of two-dimensional  probabili ty density were  obtained initially for a 
group of 10 persons  in which the var ious  pat terns  of background and evoked EEG were represented.  Twenty 
pe r fo rmances  of AC gave 102 points (p AB, P VL), forming a set  M on a plane surface,  and 14 per formances  
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of DP gave 77 points (p AB' p VL) giving a set  N. The line intersect ion of M and N contained many points, 
but they could be combined together  by subdividing them into sub-sets ,  in near ly  all of which points of one 
of the s e t s - M  or  N - w e r e  definitely predominant.  All the planes were subdivided into regions containing 
such sub-se t s .  Af ter  experimental  variat ion of the different subdivisions, it was found that 7 regions were 

sufficient: ffl, if2, r a4, ffs, if6, fiT. 

If m i points f rom the set M and ni points f rom the set N fell in the region ~i (i= 1, 2, 3, 4, 5, 6, 7), 
then 

Pt 
~t  = l g  q i  ' 

mi ni 
where Pi ='~-2 and qi = - ~ - m e a s u r e  the degree of this predominance.  

The resu l t  of subdivision into sub-se t s  and corresponding logar i thms of the probabili ty ra t ios  are  
given in Table 1, which is called a d iscr iminant  (diagnostic) table. 

Because of the l imited amount of material ,  a p rec i se  line could not be drawn between the regions.  
P a r t s  of the plane where points of sets  M and N were  absent are  shown in Table 1 by double shading and a re  
c lass i f ied as boundaries  between the corresponding regions.  

Rule for  solution. Suppose that in the course  of pe r fo rmance  of the activity pa i rs  of values of cha r -  
ac t e r i s t i c s  p AB and p VL appeared, represented  by the points R 1 = R 1 (p AB, P VL), R 2  = R 2  (P AB, P V L )  �9 �9 " 

Rs = Rs (p AB, P VL). This can be compared  with the corresponding sequence of numbers  Pl, P2, P3 . . . .  PS, 
which can be defined as follows: if a point Rj, when j = 1, 2, 3 . . . . .  s, belongs to region ~i, where i= 1, 2, 
3, 4, 5, 6, or  7, let #j =~i .  If, on the other  hand, Rj belongs to the boundary between regions crii and cri2, 
then 

~ i  = ----~---  - 

Two rules  for  solution were  used in the classif icat ion.  Rule A: sequential analysis  of Wald 's  p rob-  
ability ra t ios  [6] with thresholds  - 1 . 2 8  and 1.28, corresponding to e r r o r s  of c lassif icat ion a = f l  = 0.05. 
Rule B.' if the available information is insufficient for  reaching a decision by means of rule A, the two 

$ 
thresholds  are  replaced by one, namely zero.  If, therefore ,  ~ j > 0  the decision is taken that the EEG c o t -  

s 
responds to pe r fo rmance  of AC, but if, on the other  hand, ~ j < 0 ,  then it cor responds  to DP. 

The resul t s  of d iscr iminat ion for  a t raining group, i.e., for a group of persons  whose EEGs were used 
as mater ia l  for compiling the diagnostic table (Table 1), a re  given in Table 2 (use of Rule A is shown in 
parentheses) .  

For this group, rule A gives the correct discrimination in 27 of 34 performances, including all 14 
performances of DP. A mistake was made in only one case. The use of rule B in the remaining 6 indefinite 
answers gave one fresh mistake. Both mistakes were made in persons whose EEG had a stable a-rhythm. 

For the new group of persons (control group) the results of classification were somewhat worse 
(Table 3). 

It follows f rom Tables 2 and 3 that the resu l t s  of d iscr iminat ion of AC were  slightly worse  than those 
of DP. In ea r l i e r  investigations [2, 3], in which different information was u s e d - t h e  distribution of durations 
of ascending and descending phases  of the EEG, enabling AC and DP to be differentiated only for a par t i -  
cu lar  subject (or a smal l  group of persons  having s imi la r  d i s t r i bu t ions ) , - i t  was found, on the contrary ,  
that the diagnosis of AC was more  p rec i se .  This contradict ion can be understood if it is assumed that the 
AC algorhythm for one person  is more  definite than the DP, in view of possible differences in the meaning 
of visual images  and in the emotional background ar is ing during their  presentat ion.  On the other hand, for 
a group of pe rsons  a load placed on the visual system, associa ted  with DP, gives r i s e  to more  stable changes 
in the cha rac t e r i s t i c s  examined in par ie to-occ ip i ta l  record ings  of the EEG than does AC, pe r fo rmance  of 
which is more  indivudalized in different persons .  

On the whole, it can be concluded f rom the resu l t s  of the procedure  as desc r ibed-60  co r r ec t  answers  
in 66 cases  (91%)-are  convincing evidence of coding of neurophysiologfcal  p rocesses  in the EEG which 
par t ic ipate  in the organizat ion of mental work. 
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