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3T F At HAREE 9e FEEESE 93S JHAL S
T By, @A 11000 A=) E2 ARt =S, 7ol AH
ko 71719 Burt ZopA olFAol e T AT AHE VHAL
Atk wEbA, B FR7IH FolA EEGE QA Aol Al shA
A HHTGAE E4A Aol & =40E& 25T Ah(RIHEA, 2
009) =3k, EEGY 2& F3talid=9t fMRIS] @& At =5 Bt
3l7] 98] EEGe} fMRIS} Waste] EAsls A3x AP o
(Fink, 2009), ¥ 39k Apg3te] ¥ o] &4 F9E ¢ F3st+= LORETA
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Shephard & Metzler(1971)2] A& A A= vp2o Fo2 A=
< Bt |SATIE AA AgAAd AdES A7 A 49
oty F 9 #AV|UFE FAH YAE DE IHHAA F AFo] A
2 ZeA, &R gi=EsE dS o JEbd ¥g AlZte] T A5 A
o]] 3 ZAmo Ayl AArt YEtRoH, ol E¥HoE o
FE IHATIE AT 2ol HEEGAA A5 A AlElA g
2o ol g F Ut F, IF S WHOE AEYA FoE

2 '
A oQIZEel AAdoll the BHR AL AT & F AT

[Z29 4] 3D 413 3]x #}A| (Shephard & Metzler, 1971)
“'\‘ /"
@ ( @ % % @E
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21. AA 3|7 A A Akt AR Qe 2ol

o] A #(2015)2 3D AA 3A FHANAMY AA A A Wl
w2t RS w2 AdER AHZ) ok 243 A ot
A A & ASS onAl FHE st A=l o W
oJuIAE BAAY olE AlEdEelAdste Az WHolth 44
A2’ = e SA4e HAA iz £t AAE HELE &
sietAY, o5 BAE Hotsts AP WHoR, A=59 oju|x] o]9]
of WEFoly M T F4H BEE BAZNRE 2t A59 &
e A3t Ae ort

2012 “AFA Hel’ 7h ohd G AA AFL FsstA @k 3D
AL QoA Aol 3D %7

YAE FHAEES WY & Y= 715 AAZ, &, HAZ o FIE s,
t 9B 9Zo oFIE@E|MEE) ), L), 9 Ex ofdz o
@A) wU), dDE FARG. AR [ & Fold 3D
£ 3D AR BP0 e YA FeAl st AFonH,
T

JAE 47t oz mgoz WISt nluss ‘B

_

Mo B o2
tlo X &
Ry

g’ Aolg}t & 2= gt} 3D YA =S A= AR Ay A
oFYsl= FASA AR W & by gy s A
I
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olFA FABA W FYol A= oA VExAHA JEE AT
ol el At v

(Triple Code System)= <ol sl 253}
o]Zolt}. A& o “<EAl thirteen’ A

Aol o] A Azde] &3k UE JGSol old U, W
of, &% sZo Telsty, ofF FAHYUNY koM BT o U
ST vEAAR 137 o 2o ofghulel £AE HolE, E ThE
N7 GHEo] 2AH WES HAST ol Folof Pt Fo e
AAGE Zelth &, FE g3 209 AFets ¥ 9 TN
9t ol FRE Aeste FRY, AAH NEEH AL s

Auditory Verbal Visual Arabic
Word Frame Number Form

“thirteen” - > 13

Analogue Magnitude
Representation
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A £ s 49 AN 5

s
Jo
fu
)
Lot

_16_



FeE A7 RS BelA AgsA HUthe Zlelth = A9
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= AAe Wge] gl
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Lo

3D AA A HFAANAY H Gl g AFE ol F TGF &
Zo}l ¢lth Hames(2014)&= Felder®} Solomane] 3t
HIE O B Sk ¢FA o] Zfol7) Mo EA T o]t oju gt

ojy
0%

ox > |
R

3 w
A A=AE HI2EFOZH, Blo] AAZ dugFe F&4e
At stRn. 2= AF I HAAC) Wi FF AAet A =9
ox el Aol A EIT AH W Ao FES FH FJHAP), 2
o] D), A&dMe] I7HAZ UrojA 45 st WA A&
A bel A Faretgo] AR EY Hrs i SHANGE WEE

< olopr)Eta itk 53, %O*u A B
oleprlstal Tt I,
T IES WA A3 g |

WA ekgted, 53 Agde] BA9 AS FEHA AT B

A g5 Akel v

ﬂﬂ

%
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Ho
[
K
2
N
i
X
v
o,
{ rL ﬂlﬂ

oEEe) AAlA AfA SgAvt A stEARt A4t o =
Al debstom, AAH SEart £ Sl ws HeAnE w

[e)
o

23 A5E ¥ vehgth sAeE, Az SEA7t Ao s
4 o

Aol vlalA BY S ALHAA o 2L

&3 Hames= EEG ¢ fMRIoA o] &3l =folE Fall o H
2ol & AwstE A=, AA EEG dhelok & HAF Abolo) A
HANA wl¢ B FY3 dAE S F AAT S} o
TaA Y Aols HE g5 o S dAA A Ho 3tst

o

A ST 5 Qe PN AF Sol, AojH FEAU A ofF
o Al @3t EEG H917h W B JBBAE AUz Yo



Kozhevnikov(2009) €17-%1=-2 Felder Soloman®] <5 2
x| Visual Learner(A| 22 822} Verbal Learner(91o12 8h<5ap)2]
Tl A A ZH g5AE Al Object Learner(th
Learner(x3t stg2h= &8kt Aty i
&, Z27kek 22 =AY A=Y 5 AT

FAYolt WE, B ol AFee 5L AUk

Ajolu}

w s 3454

T 1oy

f

rr

o

2

4 oot

Rl

(2% 11] o etsatet 3 skt
Visualizers > )
Object Spatial
Visualizers Visualizers

Prefer to construct
vivid, detailed
images of individual
objects and visual
scenes;
better on object
imagery tasks

Prefer to represent
spatial relations
between objects and
perform spatial
transformations;
better on spatial
imagery tasks

olso) NZtH A= wer (1T 101 g SaAtet TBAl o
L zlo] ato]
o oA Agsk= Al
> Dorsal or “where” st
T = ]—O]% E_Saq. = \/ﬂﬂ‘\\orsaor:ver:esream
_ _ ) patial processing
A BT FRGAA AL Py =
i QY
Z_}'Zﬂ' XB]E-% %O]—%O]i O] /{ /\( location
color / \\/ movement
;ﬂl:[:‘%] O]]/K—] i%tﬂ‘é‘]—{—_- 7/'1—8: texture ) :J spatial
pictorial detail b transformations
AR g =31 HBANA =} shape spatial relations
size
g Hisd, g SEA )
_ZI__E o]% (;)jo.‘ig_q' ‘%a% Ventral or "what” stream
FEe 2F9e AH drger dungon, 31 SeAe A
s7e FIHE THYS AX ATHOR ATHUSL HAY
At} o9} e A el Aol= ¥ AFL B UG AAH
AT
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k=)
ot
2
%
N
N
jus)
=
oft
2

il

31. e 7=
7ke] = x|, A, 719, st [1F 12] tiH9] #x

%% %%8}% 149’]- =
_/;\_llgl’ :1134;1—7_ 14 .l__\._\P:u.'ima:;_cﬂc
T = 714

o Faolth o

2 34 AF4

B e He

o= 7199, A1y §9 1sdTS WA

< At O SRR er ¢F HEe e eedFe 734 AE
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3.2. =39} EEG (MW7, 2009)

= uHbrainwave)= ¥ AAAM LY FFol FHbEo] AHEE 7|3
WIS QRN SAHsIA 7|53 Aolg. T3 ZoX SAEH= H9
o A9 WMEE F uVolA 9 y4VE wfg 32 HAeE 21 Y
mebs ditR o g Fu Ao HFE FIste] Aol mAg dHE
X3t 7|53t H3E 7| Fete] a9 o2 Ykl AS HAE(0]
3} EEG; ElectroEncephaloGraphy)g} H&

g M A A it g, Mo i i S50 .
. s, [ WA Pt o, A P,

o WEE F2 9Q Fde FEA oA AWs F A G
AR giEe] WA Jee Bd Ty BAHAE 93 Fx
N7 =F3 Ausol Ytk 4 @ A o

Ao B43EW EEG JH2 4 4 A& A5k "k (04
2009) EEGe w2 S EE AYAT 1710002 B4 =2
o} A oE AU v G, Fo
T 7ol itk werd, AXFstol
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A £F 10-20 AA= A3 ATt FA=Ee §A V= W(na
sion®} inion)oll A AthA o2 10% %% 20% ZtAo°] HAE HijA st
7 S 2 Aoth(2F 6) o] AARE st HI HAFo| F
oA o] HEA, ojujA WdPo] HEX BAGIOl Hue] Jdud
A% AFE 7HseA sl (R 7, 2009)

(2™ 14] =A & 10-20 A

ZF A7 A L9 EH—Er'*X}Q‘r
Zk AR e AR FAH A=,
Aal EAE Fp(AAFR). (Zi—r
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2717F 100w VE FA XetER o]E A+3tr] M AzE TF
& FA7F dasit. webs Ha SHRZA = Hol| ddE A== R
H S0 AEE FFL F e FIFRAANE It deH, =F
d As= AFE 128Hz &2 256Hz2 AHEHH o] A4t

Hu AEe 4 Fao fX e 7E
A e] Ao Aol2 FAHAT. =4
10-20 AA el st= 2z Fyo] 949
A7H AeE SAstEE &3 74
of A< F2sta 7] He AA
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(joint time-frequency analysis)ole} o}, ~HE=Z T3 #
A AI-Fa At £4 AH=EHA, Ho 953 |
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351. AlZF & A - Ak B9 /2 A9 (ERP +4)

rJ

EEGE 71EA o2 AAL(Time serie)Z 7]1&% 7] wj&o] EEG2]
#A&As7] =t %7|9] EEG A& A%

Folol AHH ZIEsA oy, HY SAHS AT

Z2AAZE N EI HFEZE REEHEA EEGE AHSFE Ol

o] W yxdslE = dolH= 1x9 1287 &2 256718 ZF =

oA ZIEFHY. WA FA F 7IFEH= EEG HlolHE &2 ARt

5 O %ol W% ©oh weba EEGOl tigh 7]E3Q0 &4

olg7} glol SR B2 & HlolHE Z437= dA fdth

A s @sig #ee BRp [E 200 AR ERP
(Event-Related Potential)= AFA 3 NI
e wske] AZHE W Etel| 3 F st
]
1

£ AEo|Y. B3 AF-u NS

14
Potential (uV)

=
of Y4ztgk ERPE EEG dlo]E 9|
B B ToAEE, AelHe
FelA EAE A= Adel 0 1(:30 2éo 3(:)0 45)0 sé)o
B A 3 A 2= Time after stimulus (ms)

P3

ZH H A9y A7) Az SAH A% Atk (Donchin, 197
£, 717, 2009) ¥ukzlo 2 ERPE el 249E du

o E¥ole A&5AQ HF Y EAHS HAFH o]¢ & ERP A
Aoz FuAl =A(positive, P; negative, N)3} tj

z3| Aolo] FARH. dE
o} P100, P300, N600 o] Uth =2 ERP A#io] AHidosE T4
= A2 WHyslr|= o (P1, N1, P3 &) 1 ¢9%= RRNE A &
8 274 9]; Rotation Related Negative)$} 7101 4 AHARAE )
#HE ERP A =3 A5 oh
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2.1.2. OpenVibe
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21.3. PyEEG (Bao et al., 2011)

PyEEGE ¥ 3} #4 o] AMEE 4 Q)+ Python #holE gl =4, Neur
oskye] Mindwave mobile 7]7]olA HFFe HIPE B4 HF A
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£ Bste 4 T4 tigdd 39 E AME 5 Jdon, ATkt #
A7F Fo] vk ¢# R Spectral Entropy, ApEnat #e w73
o] St

N

[ 50] PYyEEG (Bao et al., 2011)
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22. EEG ¥4 Al2=" 73
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(Peters & Battista, 2008)

60 O 7y180b-7y240b
2 60 X 6z135b-6z195a
3 90 0] 1x120a-1x210a
4 60 0] 1z315a-1z15a
5 90 X 6yl25a-6y215b
6 120 X 7x11ba-7x235b
7 60 X 2x150a-2x210b
8 120 O 2y205a-2y325a
9 120 O 62235b-62355b
10 90 O 22145b-22235b
11 120 X 1x35b-1x155a
12 90 X 72210b-72300a
13 150 O 7x75b-"7x225b
14 180 X ly165b-1y34ba
15 180 O 6x230a-6x50a
16 150 X 6x65b-6x215a
17 150 0] 1z235a-1z25a
18 180 O 2x35b-2x215b
19 180 X 7z145a-72325b
20 150 X 22150a-2z300b




import os

import numpy as np

import re

import pandas as pd

from pandas import ExcelWriter
import matplotlib.mlab as mlab
import matplotlib.pyplot as plt
from numpy.fft import fft

ones, log2, std, linspace

from numpy import zeros, floor, logl0, log, mean, array, sqrt, vstack, cumsum,

@ PsychoPy &1 Parser

def readLog(path):

event = []

mouse = []

mouseMode = False

testMode = False

stimTime = 0

with open(path, 'r') as f:

while True:

new_line = f.readline()
if len(new_line) is 0: break
new_line.rstrip()
new_line = new_line.split('\t")
if (len(new_line) is not 3) : continue

if new_line[2].startswith("New trial") and mouseMode:
mouse.append([mouseType, float(new_line[0])])
mouseMode = False

stimTime = float(new_line[0])

if new_line[2].startswith("image_3: autoDraw = True")and testMode:
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testMode = False

if new_line[2].startswith("New trial") and new_line[2].endswith("\n")
Type = re.search("u'Type': u'(\w+[\w\.]*)" new_line[2])
eventType = Type.groups()[0]
if eventType.startswith('Mouse'):
mouseMode = True

mouseType = re.search("u'TestType":
u' (\w+[\w\.]*)" new_line[2]).groups()[0]

if eventType.startswith('Test'):
testMode = True

if new_line[1].startswith('DATA") and new_line[2].startswith("Keypress")
and eventType.startswith('Test'"):

event.append([float(stimTime), float(new_line[0])])
f.close()
event = np.array(event)
mouse = np.array(mouse)
eventTime = pd.DataFrame(event, columns=("Stimulate","Response"))
mouseTime = pd.DataFrame(mouse, columns=("Type","Time"))

"o

eventTimel["Stimulate","Response"]] =

non

eventTimel["Stimulate","Response"]].astype(float)

mouseTime[["Time"]] = mouseTime|["Time"]].astype(float)

return eventTime, mouseTime

@ A8 EEG A== 34

def cropEEG(eeg,event):

saved_eeg = eeg
prob_eeg = []

for p in xrange(0,len(event)):
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eeg = saved_eeg

StimTime = event['Stimulate'][p]
RespTime = event['Response'][p]
eeg = eegleeg|'Time']> StimTime]
eeg = eegleeg|'Time'l< RespTime]
prob_eeg.append(eeg)

return prob_eeg

@ EEG %% &9

plt.

def plotEEG(time,eeg):

figure(figsize=(10,4))

plt.plot(time,eeg|:])
plt.xlabel('Time (sec)')
plt.ylabel('Power ')
plt.title('EEG at %s ' %(ch,))

plt.show()
plt.close()

® Fa g d g9 ALt

C =
C =

def bin_

power(X, Band, Fs=256):

fft(X)
abs(C)

Power =zeros(len(Band)-1):
for Freq_Index in xrange(0,len(Band)-1):

Freq = float(Band[Freq_Index])

Next_Freq = float(Band[Freq_Index+1])
Power[Freq_Index] = sum(C[floor(Freq/Fs*len(X)):floor(Next_Freq/Fs*len(X))])

Power_Ratio = Power/sum(Power)
return C, Power, Power_Ratio

® Power Spectrum =%
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def plotPowerSpectrum(eeg):

L = len(eeg)
fs = 256
T = 1/1fs

f = fsxlinspace(1,L/5,L/5)/L

# single side frequency vector, real frequency up to fs/2
Y = fft(eeg)
plt.figure(figsize=(10,4))
plt.plot(f,abs(Y[0:L/5])
plt.xlabel('Time (sec)')

)
)
plt.ylabel('Power ')

plt.title('EEG at %s ' %(ch,))

plt.show()
plt.close()

@ Spectrogram &g

def plotSpectrogram(eeg):

spec_PSDperHz, spec_freqs, spec_t = mlab.specgram(np.squeeze(eeg),
NFFT=256,
window=mlab.window_hanning,
Fs=256,
noverlap= 225)

f_lim_Hz = [0, 50]
plt.figure(figsize=(10,5))
ax = plt.subplot(1,1,1)
plt.pcolor(spec_t-0.5, spec_freqgs, 10*np.logl0(spec_PSDperHz))
plt.clim([-25,26])

plt.xlim(spec_t[0]-0.5, spec_t[-1]-0.5)

plt.ylim(f_lim_Hz)
plt.xlabel(' Time (sec)')
plt.ylabel('Frequency (Hz)")
plt.title('Channel '+str(ch)+

'+'\nSpectrogram '+ 'in Problem ' +str(p+1))
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ax.text(0.025, 0.95,
"NFFT = " + str(256) + "\nfs = " + str(int(256)) + " Hz",
transform=ax.transAxes,
verticalalignment="top',
horizontalalignment="left’,
backgroundcolor='w')
plt.show()
plt.close()

main &+

__name__ == '__main__"
CWD = os.path.abspath(os.getcwd())
Subject_path = "Data/Subject_Info.xlsx"
s = ['160319','S19','01']
data_path = "Data/Data/%s_%s %s_data.txt" %(s[0],s[1],s[2])
header_path = "Data/Data/%s_%s %s_header.txt" %(s[0],s[1],s[2])
signal_path = "Data/Data/%s_%s %s_signals.txt" %(s[0],s[1],s[2])
log_path = "Data/Logs/%s_%s %s_log.log" %(s[0].s[1],s[2])
filename = "Report/%s_%s %s_report.xls" %(s[0],s[1],s[2])
print "Data path : %s" %(data_path)

eventTime, mouseTime = readLog(log_path)

start = float(mouseTime[' Time'][0])

n

print "StartTime = ", start

eventTime = eventTime -start

signal = pd.read_csv(signal_path)

a = pd.Series(signall'Label'])

b = pd.Series('Time")

signals = pd.concat([b,a],ignore_index = True)

eeg = pd.read_csv(data_path)
eeg.columns = signals
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eeg_in_prob = cropEEG(eeg, eventTime)
eeg_in_prob_for_Spec = cropEEG_for_Spec(eeg, eventTime)

p_list = xrange(0,len(eventTime['Stimulate']))

ch_list = [a[0],a[2],a[4].a[6],a[9],a[11],a[13],a[15]]

bands = [0.5,4,8,10,12,15,20,30,50,70]

band_name = ['Delta’,'Theta’.,'Low Alpha','High  Alpha','Low
Beta','High Beta','Low Gamma', 'High Gamma']

explode = (0,0,0.1,0,0,0,0,0,0)

writer = ExcelWriter(filename)

for p in [0,1]:

power_list = []

for ch in ch_list:

C, power, power_ratio = bin_power(eeg_in_prob|[p][ch],bands,256)

theta_power = power[1]

alpha_power = power[2]+power|3]
SMR_power = power|[4]

beta_power = power[4]+power[5]+power|6]
gamma_power = power|7]+power|8]

total_power = sum(power)

plotEEG(eeg_in_prob[p]['Time'],eeg_in_prob[p][ch])

plt.pie(power, explode = explode, labels=band_name,

autopct='%1.11%%', shadow = True, startangle=90)

plotPowerSpectrum(eeg_in_prob[p][ch])

plotSpectrogram(eeg_in_prob_for_Spec|p][ch])

power_list.append(power)
power_list = np.array(power_list)
power_spec = pd.DataFrame(power_list, index = ch_list
band_name)
power_spec.to_excel(writer,'Sheet%s'%(p+1))

Beta',"Mid

columns =
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writer.save()
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ABSTRACT

An EEG test environment design
for measuring and analyzing the

brain on Mental Rotation Task

Kim, Jongjin
Department of Mathmatics Education

The Graduate School

Seoul National University

Since education researchers recently agreed that scientific
researches should be based on empirical evidences, education
researches have developed as learning science. Educational
Neuroscience is the new field of the scientific exploration of human
cognitive process to improve the education by using evidences from
brain imaging techniques. Among the various techniques, EEG has
advantages of high time resolution, relatively low cost of equipment,
and ease of portability. Therefore, it is more likely to be applied to
the education field, and it is very suitable for education research.

This study focused on the design of a test environment for
measuring and analyzing the brainwave that occured on solving a 3D
mental rotation task(MRT), because it was to be expected that brain

activities with a turtle code strategy on the task might be different
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from those with an imagery strategy. However, there are two
difficulties for the previous EEG system to use it. The first is that
the separation between the brainwave measurement system and the
behavioral tests made it difficult to analyze with task performance
information. The second is that there rarely is a system that can be
analyzed to directly manipulate the data on the research purpose
because it is possible to get only the calculated indices by the
measuring system or view only the reports provided by the analyzing
system.

Thus, this study provided “Data Collection System” which
integrates the measurement of brainwave with the behavioral test
and “Data Analysis System” which allows the researchers to directly
manipulate the empirical data. The collection system was constructed
by integrating ‘Behavior test system’ for recording the correct rates
and the response time with ‘EEG measurement system’  for
obtaining EEG data. The analysis system offers the key resources on
various analysis, such as EEG wave on time domain analysis, power
spectrum on frequency domain analysis, and spectrogram on joint
time-frequency analysis for direct investigation.

This study presented the foundation of the EEG test environment
to measure and observe the brain activities when performing tasks.
This study may have meaningful in that it was an early attempt of
the education research by measuring and observing EEG data in
Korea. The EEG test environment is expected to be the starting point
for the use of brain-based research on the educational interests such
as the use of cognitive strategies, the differences of cognitive loads,

and the variety of learning styles.
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