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Abstract The purpose of this study is to predict visual-spatial working memory performance through the
characteristics of an electroencephalogram (EEG) in the resting state. The 31 study participants, middle school students
with various to academic performance, were underwent visual-spatial working memory test in the Comprehensive
Attention Test (CAT) on December in 2014. Each 7 and 6 participants were divided into an Excellent Working
Memory (EWM) group and Poor Working Memory (PWM) group depending on the forward/backward working
memory scores. The EEG measurements and analysis of the data from a Brain Function Tester were performed by
the two groups. A Mann-Whitney Test was used to examine the statistical differences between them. The activation
of high beta (BH) at the Fpl and Fp2 sites in the left and right hemisphere, and that of the low beta (BL) in the
right hemisphere in the EWM group was significantly higher than that in the PWM group. In conclusion, there is
a correlation between the visual-spatial working memory performance and the activation of BH and BL in the resting
state and a close correlation that of BL in the right hemisphere in terms of mental activity and faculty. Therefore,
the visual-spatial working memory performance can be predicted by the activation of BH and BL in the resting state.
The activation of EEG can be applied as an assessment tool and provide basis data for visual-spatial working memory

performance.
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Table 1. Distribution of the Subjects
Age
Male Female Total
M SD
20 11 31 14.5 0.71
EP W ATE Bl 4Eae9es e wol
i EelHs Z1]2700412AN01-2014—12—HR-004—02).
2.2 A7 Azt
Az aRe) AET 421 S S ot
at7] 91sl CATS] @t kel tigd 2719
AAE WA AASA AL dake o £
¥+ (Forward Memory Span, FMS)¥} &wek F71%
(Backward Memory Span, BMS)9] A%=Z A3 S
et ol 7|EE AA thdAF A RS} ghe]

M) 100, ETHAKSD)E 1582 7Hgsta H4gx}
o] HA} AFE o] 7|Fo 9Al s Attention
Quotient (AQ": F2l¥ z1?) ghol AEHrh AQ gl
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714, 2B RS HERITH20]24]. ko] Tk
ez} 54L& [Table 2] 2th

Table 4. The Characteristic of Subtype for BQ

Subtype

BQ of BQ Characteristic Brain Wave
Attention
Table 2. Frequency band and Characteristics of Brain Ratio(L) State of the Brain Theta'(6),
Wave AT Attention Arousal SMR
Q Ratio(R")
Brain Wave Frequencyband Characteristics Dllstract?on(L*) Anxiety, Dlstraf:tlon, High Beta
(Hz) Distraction(R ) Mental Tension (BH)
Theta(©) 4~ 7 sleep, fog, creativity, Absolute
insight, deep state Power(L*) Mental Activation, Low Beta
Alpha(a) 8 ~ 12 relaxation, peacefulness Absolute Thinking Faculty (BL)
Power(R"
SMR 12 ~ 15 mcrlltal alcnncss, ACQ ower‘ )
physical relaxation Relative
Low Beta(BL) 13 ~ 9~ °ctivation. thinking, sustained owerlL )\ fental Stability Alpha(a,CE")
attention, focusing Relative
High Beta(3H) 21 ~ 30 hyperalertness, stress, anxiety Power(R*)
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(Neurofeedback)ol] 9]t o] 27124 A = (Degree of
Self-Regulation)E 4
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A& [Table 3]7} [Table 419} 2TH25][28][29].

Table 3. The Characteristic of Brain Quotient

Analysis Quotient Chraracteristic
ATQ
(Attention Quotient)
ACQ

(Activity Quotient)

State of the Brain Arousal

Activity of the Brain

L" Left, R: Right, CE’: Closed Eye,
Theta”: Absolute Power(mV) = (Theta/SMR) x Low Beta

2.4 X2 24 gy

2 A7Y 79 Au5e SAAYE oy 24
(data coding)¥}-& 7 A, SPSS(Statistical Package for
Social Science) V. 21.0 B 3|71 Z=2 135 o]-&3}
of ATt .

T A 7k CAT o9 A4} H ol gk 2}o]
AT AS WA s gAY 71 F2et
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Table 5. Statistical Value of the Subjects (n=31)

0

AQ M(SD)
Forward Memory Span(FMS) 101.7(16.9)
Backward Memory Span(BMS) 96.8(14.3)

Table 6. Number Distribution of the Subjects

n<M+ M+1.0SD<M M-1.0SD<M- n>M=+

10SD  +1.6SD 1.6SD esp  rol
FMS 18 7 6 0 31
BMS 18 7 6 0 31

T3 Mann-Whitney TestZ AFs A 3
(FMS)HARE AHEHBMS) HAMIA F Jd &5
p<O01Z B3sHA E27HAUETS & 5 A2 [Table 7]
3 2tk

Table 7. Results of Visuo-Spatial Working Memory

Group n=  M+SD Age z P
EWM 7 1249(4.6) 14.5(1.0) .
FMS 3.046 002
PWM 6 79.7(74) 14.8(0.7)
EWM 7 1143(5.1) 14.6(0.6) "
BMS 3.021  .003
PWM 6 748(34) 15.0(0.8)
“p<.01
3.2 7|5 &4 X9 lnluf—E—&. Zat
[Table 8] <tgd JejdlA] ARHhe] HIE =
gatol T 279
p=1

! WMVH EWM3} PWM
A7 Hulo] polE A3 Aylor), H 7] FEA(BQ
Tester) ZZI1L OFAA| 7H°P(Open Eye)i} woh
(Closed Eye) A¢] H3& AAL=
¢§ B3 2ste wuke] HuE
118 & g A olr izt o]-——— EWM# PWM
AU el A B4ske Hute] 2ol e Zelr}.
A Az} Aol Heb 714 alwke] xS Yl
I EFHBHI oA 2] 9} -] RF frojw] 2pol &
HATHp<.05). EF HAA SF 3} Ahsd Fo ¥
FHAES el AWEKELIYE M F
Ju] gk 2ol WATKp<05). Lejtt A Ak, $]
AET}, 9 Auelal, 2 ujulel 0 ohujul= u]
5 sl =Ee XA PwMel vls]
EWM fwte] ¥3} S457} & 73S gl ol
AANTE 2452 W nst s HoA] AL 424

355
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S A40719
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Table 8. Forward Results of Brain Quotient

Type of Subtype  Brain M(SD)
BQ  of BQ Wav' EWM PWM P
20.8 14.0
A-R(L) o (14.56) (4.53) -714 475
225 13.1
A-R(R) -1.143 253
18.52 3.18
ATO 1852 @1y
. . B "
D(L) (s1) (32) 2.143 046
bH 1.3 6
DR : ) =571 .032%
®) (.92) (.27) 57 03
5.0 3.6
A-P(L -1.2 1
(L) (1.88) (1.39) 86 %
BL 5.6 33
A-PR ) ) -2.42 .015%
ACQ ®) 277 (1.21) ? 015
6.8 5.1
R-P(L) . 332)  (1.00) -.857 391
7.3 5.1
R-P(R) 365 (1.20) -1.286 199
‘p<.05, Brain Wave : mV
Forward Results of Brain Wave
25.0
HEWM EPWM
L
(L) o(r) aft) a(R) B-(L) B-(R) B+(L) B+(R)

Fig. 1. Forward Results of Brain Wave
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Table 9. Backward Results of Brain Quotient

Type of Subtype  Brain M(SD)
BQ  of BQ Wav' EWM PWM P
16.5 16.0
AR(L) o ©.00) (5.89) =571 .568
16.6 14.6
A'RR) -1.000 317
2 i
D(L) (69) (1.14) =714 475
b 1.3 8
D(R) (80)  (62) -1.143 253
4.5 4.7
APL) 170 @74) -286 775
BL 5.0 4.1
APR) . : S714 475
ACQ (25-078) (25»152)
R-P(L) . G0 (1L4) -571 568
6.7 5.6
RPR) 39N (1) -000  1.000
Brain Wave : mV
Backward Results of Brain Wave
. 8(L) 6(R) a(l) afR) B-(L) B-(R) B+(L) B+R)
Fig. 2. Backward Results of Brain Wave
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