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Effects of ultradian variation on the spatial and temporal cognitive judgment

Tadao Horl, Mitsuo HAYASHI and Toshio MORIKAWA

Abstract

The structures of the ultradian variations among the cognitive task performance and the
EEG activities were studied on eight male students. Referential central (Cs, C+) and parietal
(Ps, P1) EEGs were recorded every 15 min of the eye closed rest period, when the subjects were
asked to estimate a 120 sec period and to keep eyes closed for this period. Artifact free EEG
data were analyzed for one minute by the FFT. EEG parameters used in this study are the am-
plitude (root power), EEG laterality index and interhemispheric coherence. The EEG data
were divided into five frequency bands (&, 8 ,a, 81, B2).

After the time estimation task, subjects were asked to draw a vertical or horizontal 20 cm
line and to point the midpoint of these lines. ‘

The least square spectral method was applied on the time series of five task performance
and EEG variables. About 100 min ultradian variations were identified in all of the variables,
with the exception of the midpoint judgment which showed more shorter'period, about 60 min
cycles. Principal component analysis were examined on the task performance EEG variables.
The results of PCA revealed that the EEG indicies of the interhemispheric activity were more
closely related to the task performance than the single EEG amplitude. - The EEG latelality in-
dicies were highly correlated to the vertical line drawing, while the interhemispheric coherence
were highly correlated to the horizontal line drawing. Anisotropy of space were observed in

the daytime behavioral ultradian variations.
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Fig.2. Time series of performance scores and EEG variables.
The raw data of the line drawing taskﬂand EEG amplitude with a trend curve, which
was derived from 30 points smoothing averages (upper) . and the data after removed
the trend (under) . '
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Fig.3. An example of performance

scores of five tasks.

VL: vertical line drawing, HL:
horizontal line drawing, MV:
midpoint judgment of vertical
line, MH: midpoint judgment of
horizontal line, TE: time estima-

tion (120 sec) .
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Fig.5. Comparisons of temporal be-
havior of EEG amplitude (root
power) among five frequency
bands and two scalp areas for

-1- V HMVMu T one subject.

P: parietal, C: central, 3 : left, 4 :

right.

Fig.4. Factor loading patterns of prin- ) d: (0.5—3.5Hz) ,6: (3.5—
cipal component. The similar 7.5Hz) ,a: (7.5—12.5Hz) ,,81.
pattern of the first three princi- -« {12.5—20.0Hz) ,B:: (20.0—
pal components- were super- 25.0Hz) .

imposed for 8 Ss in disregard to
the rank orders of principal com-
ponent.

V, H: vertical or horizontal line
drawing, Mv, Mx : midpoint judg-

ment, T: 2 min estimation
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Table 1. Comparisons of mean min/cycle of dominant ultradian components* among five EEG
variables (N=8) .

s ] " B B2

EEG amplitude ( root power )
Cs 79.7£11.9** 78.1+8.3 101.5+10.1 101.3%6.1 114.716.9
Cs 75.61+9.8 91.119.7 108.9+11.4 77.5+7.6 86.41+9.6
Ps 87.1%£9.2 89.7+14.1 91.6+6.7 84.1+7.2 94.7£7.0
P4 91.3+7.6 . 90.6+7.2 89.718.5 79.4%8.0 80.6+8.0
EEG laterality: ( L—R ) / (L+R) :
C:—C: 95.0+8.6 70.7+10.8 78.9+9.4 66.8+7.6 77.5%+10.3

Ps—P«  94.0%5.0 83.4%8.7 91.8+8.3 92.5%+8.0 89.9+7.8
Interhemispheric coherence
Cs/C« 101.5%£9.9 - 83.8%9.1 82.41+10.4 92.8+7.8 98.1%+6.4

Ps/P« 77.5%9.1 93.1+13.2 94.4413.3 93.448.5 81.916.1

+ Computed by the least square spectrum method
- ++ Standard error (SE ) : SD/Vn

#eM (SE) % Table 1 D EEISR L7z, 6 EEG LATERALITY INDEX
WIS OFA78.1~91.1 FCHBE R D
R, B WiHiAT86.4~114.7 40 & 5 b #ifHAS

. WL EBHEEA D THS, paho w S
BAELZDLNDY, HHOTREBL I T
3% L UL, BRIRIED B AR H05E
HIThHI LNDhD, >
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BE (FEF) 280 LR & OBHI AL,
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HEVBBETEL, AROPETHLOD, B

AR DT T 5 DH T - X D LIV, o 2 a4 6 8 1
WFROFET b B L7 90 50 CERE TIME INHOURS

BRI L ThbZ bbb, BPTEANR

72 MV LCHIEL: 8 ADFEHREM % Fig.6. Comparisons of temporal be-

Table 1 DHFEITR L7z, H.0EB L D b FHTER havior of EEG laterality index
OF A EEICEY, FLETIT 66.8~ (L1) among the five frequency
5P L, EWBOFEEIL77.8 FEPT - bands and the two scalp areas.
bbb, —F, WAL 83.4~94.0 FIZFAL, The EEG data is same to Fig.5.
F3390.3 FTEWIRTFNEIL12.55T, & EEG LI =((Cs—C)/(Cs+Ci) ] X
DFEIFEIC O HE (P<.05) THD, 100, ((Ps—P«)/(Ps+P¢)]%100.

Fig.7 it Fig.5~6 L M L ER-E D FIRM o
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Fig.7. Comparisons of temporal be- /
" havior of interhemispheric coher- e ,_[/”
ence among the five frequency 0 \’-;‘\\/:j'
bands and the two scalp areas
for one subject. 17 p3 p40304[)|§ DcCeCe
The EEG data is same to Fig.5— [ ——
6. Fig.8. Factor loading patterns of the

first three principal components.
E—LYAERLEHRBETHELIZ D TH S,
EAZER (Fig.6) LELXHIC4BEHBEI
e —L Y RADFEWERAARPALNED, ZO

The principal components were
derived from the EEG data for

each of the five frequency bands

B L O FRIZOFECEH +EH S &
1RO TORMESE AL ENTED, &
N ANRY PVEIE - TESEABES %R
EFL, SAOEYEMEFET SHL Tablel F
BOXHTh otz FAEETIE 82.4~101.5 5
WA L, @WEOFEEIE0.75ThHb, =
UK UCHHTES T2 77.5~94.4 50254 L,
LEROLEYFE YL 88.1 4C, H.4—GHIEM

of one subject. The similar
loading patterns of the first three
PCs are superimposed in disre-
gard of the rank orders of the
each PC. The EEG data is the
same to Fig.5—7.

Ps, P4, Cs, C+: EEG amplitude, D,

l Dc: EEG laterality index, Ce, Cc:
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interhemispheric EEG coherence.
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Fig.9. An example of factor loading pattern of principal components.
EEG data is the same to the Fig.5—7.
Ps3,Ps, C5,Ce: EEG amplitude, De,Dc: laterality index, Ce,Cc: coherence.
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Fig.10. Inter correlations of behavioral and EEG variables.
The PCs were derived from the task performance and EEG variables totaled data for
each subject. The PCs, which were highly loading to the task performance were
gathered for each task, and the higher correlations of the remained task and EEG vari-
ables were plotted for all subjects. '
Dot:r>.7, Circle:r>.6.
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