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Abstract: Electroencephalogram (EEG) used on a wide research area to measure human brain
activities. In Software Engineering research area, several studies combined the program compre-
hension and EEG measurement. The EEG is one of the most easy and the most low cost method to
measure the programmer’s comprehension process. Therefore, the detection of programmer who
need support to understand a program using the EEG measurement is a practical method. In
this study, author analyze programmers’ EEG who found implementation strategy to reveal the
usefulness of the EEG measurement.

As the index of programmer’s brain activity, author select o wave, 5 wave, and the ratio of « to 3,
which is the frequency component of EEG. In the experiment, each subject assigned programming
tasks, and the EEG during/after the task is measured. In the first experiment, the frequency
components at during task and after task are analyzed. As a result, a wave of subjects who found
implementation strategy is a significantly high from subjects who cannot found implementation
strategy at both during/after task. The result suggests that a wave involved in measured EEG is
useful to understand the programmer’s state.

In the second experiment, author analyze time series change of the EEG, to clarify the time
period when the most influenced from the task condition. The average value of each 1, 5, and 10
seconds o wave power spectrum is used as an index. The result of the analysis shows the time
period from the sixteen seconds after the task start to the end is most influenced from the task
result.

Results of two experiments show a wave of programmers who found implementation strategy is a
significant index. Also the result shows the EEG from early period of the task is a low contribution
for analysis. These results suggested that EEG is the useful index to distinguish the programmer
who cannot found implementation strategy. EEG as the index to distinguish the programmer’s

state able to help them without any interruption, hence useful to improve work/education efficiency.
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BRO@GEBRILEE2TE, ZL0HERBEYPRETT DS I IV IIKEER
FREHEPAHULTWS., 7u /3 IV 72075 R - BEHEL T, (FX0%
EOHEENREZ LT 22DICREEEP»PCOLXEPBETH L. XEFRIZ, X
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WO WT eI ENRETH. TONRKE LB TS T MHMEP R
EREEZNBPOSHETZ2OH0HEL .
ANDBEEZREBOLIHREZAZ-20D0 HFEL LU THEF»H 5 [1]. Biko
BB THDalBHIEY Iy 7 AREBORMIGEHREBIZL--TEHT S L
INTHV[, TETEARFELCSIILERBEOH WA VSATVWE. Zh
X7 7SR BEREBOHBIZHAVT WS, BERS, FEEBKZE WD WT
WEMESPDRLDEIZIEETEINOTHE. REBKBKREZEETCE TRV SO
7I7<E, ANV AZRERULUA T4 T LTWALBERBIIIEEEZONSE., —
B, FHEBBEZHEETE TV L ST, WA MLARD L, REEZ WV
TWALHREIZHDDZ EEZONS. D%, 7050 EEHKEZHE T
EREEZESTHRVWREDXEIE, 705 YOLHRBIIRMEINE EHE XS
ha. £/, oKESHHUEEBEB L ERTHERNFRTHKIAINTHE I D,
W R 70750 RFREBOFHMMIZHVWTVWEIHEHHBHDIDTH (3. £ I TAKR
METlk, 707738707 7 L0FEHKEHETEZ02EH» TR ICE
BNGFELET Z2DRIET 5.

ERTWE, 7RI LMEOXR A 2 EBREICGE AL EOMNEEFRL,
O LDEREMBEMETCEZLELHETERIPo ETMHMIRITENEL
ZhEHMETE. XS5 XA DIz, BRIIDH 2TV, R A7 DS
Dol TR SBEND M2 H 2 »RIAET 5.



2 BEMRE
21 7O07SLIEBEEBONKDEZ

ek, VI I THRIBEAREXTHE TS T MR EXELLD, B
RBRPHEME2HNT 220 T BAAMEIITHODATE LY. EETIH, &
MODBEZPHEAROMAZE2L, ANBHOMO@ EPHMEZERLEZ TS
FJLHEEOET VAN ITODAT YD

Parnin 5 13, 8D 70 V7 P THBADODE LRI EB ICHEDLIEFEHIZOWVWT,
TR LIINTSHEFRFEIND T 2RO T OB S S BRI
UL ok FER, £ YR a—12&koT, 77 7L I1CHT 2 EMHA
BXPEMHEBOBE, R CICRFHEOKTHARMKRBIZIoTED XS ITEMLT
5% DML,

RS, el Al AMMOBBERE, RIIEZEBS I Cay b —
Jo—0EEEEECEAL, 7RI L0BMOETVE R 7o, ZTOET
WIFTFEBIZ T 0 7 I LOFHMIIhrrozRlz2 E<EMTEII R RINTVS
WLE%%@¢N5@%?N%&Eb,%6ﬁﬁ%ﬁbkb%%?éytfw
ERENICKLSARZIVN—FVGEN T OIS 05 MEEICEE LS X 7= B
HiZo>0wThR RT3 [g.

22 7OV 5LEEODEE
221 DERZEMTIO0-F

BEOLPRETHAEE - 705005 Miz2HWIIZ, 7025 L8 E%FH
THIEN BN ITONTWVWS

e, Tu s LERICET A ANERNBERE, HEZEOLTH R L) 2 E
PER I FEME S % ke LT, L hBE ARZ 517 % Think-aloud % 7 & % B B
M@%&ﬁ%m%hf%kmm.ﬁiﬁﬁ WEBEDPREDOIEE (ZAT) &2 F
TTA2WHBEERIZCEVWT, EBRFOHEBEOEELITH, BEEANEFIZODWVWT
HoMNIZT 220D HETHE. VLIBARZToTHETE, HREEROKRT
B, DEVWIEEREZEHBICHEL, 1 Y2 a—T7 v r—bE2ERL, # X
IXDPDE->T T I LHEMBOBREE2E X TH S 5. Think-aloud # T X, # &
EHROENTHK, WMEBGOEBZERNAERITHICOD VW THMIRIET 52 2 & TH K
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WERE A~ DA M D E W (Think-aloud ¥ )
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ERELTWVWS0. 2OFETIE, EHHICTVEMIIOVTEITWVWIL L
M2 BRI XATHT2EEIIRRAL, H#HBREFXINICEHILEE X THRE
¥ 5.
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DVWINEIDHEZEHIZAPMIIEL, LI AR FoTEICHRTHMEO LTI
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LRV IVIALTVWEAIREEZET. 202, NESOERIZE W THED K
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FIAUZHBREFERT, TLOICe2AKCHA2BLT2S ~Hoa—-RE2EHL
TH O T AFYyr N X -V BPELAZITFONEIEFEYE, 3N Ea—RKoNTHE
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BAFTHEZH WS Z T, oG AETIHAY B, NP EEEDEZ
WHEBHBLTWSE2 X, TOEFICETI2HERZ2ZBMNIZADZ N TE L0
SHEN DD, —F, NEWMDP ZHATVIHAREENMEEZZ TS, YO &
SIELTWEN 2B ETET, A FTHMIZHESIZ LIRS, 2K
B, M2z RE0HEALEVTLZI L 2EbaVHIRNESH 2 TCE RV E
WOMBED L. 2, FEEFHLTY IvZ7ALESELTVWEHAY,
HOoOMmTHRVWHATWE X BAEICHEMETE R V.

oF
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MM 2o MOEB 23 H T 2B HEBENFICAL P T Boz Z
L DY, EFRF TSI LEBEMFHEMAGDELMANEHZED TW
5. Z25UL7EMEDEZLIE, 7ol L BR-EFRICEEFNZIREM T o A2
ELEZD, MBEEHEDODAMLV A VWIEFHEFTORBEZHEETZ2HDTH 5.

Siegmund 5 X, IMRIZ HH W T 70 25 AHMBIZH T2 MO M I & o fFE A%
FHAELTVWD[5]. BRKBITFTOHRWY — A3 - RFN2HMBTL2XA7 2088 L7
FEEOME, MEME, i, PLXOXTEEMICERT IHERS T 77 48
R ICIERIC R D22 2R L TWd. WX Tk, 7027 7 LML WHIES oM



REBLDZLOEEUENTRINTE D, BEHHCE TP TH T TP HE
WTB 52RO HERITREZP?2 OLRBECRE LZwERRT WS,
fMRI %2 F W7z 5%, R MEN <, HEOMWMEBMLPRM Te 2 (LR,
EHnY)su s oMK ERAETICEEDGFEEEOHEVWFIET
5. ~HCHBEI>PMEIELS WHREOKBH2MHEHEBITZ I cR30,
o Tr 77 IV IBGEBUZRBE TCORRBRICEAMYT VARV,

ZZT, i cH S 2 MEFTHEP R - X 7 UNRSO &5 2 #&%2HY, &£
BEICEVWVRETT0 7S 082 NT 2 AP REINLTVD

mllsE, 7o 7 L BEMBEH 2 ERENICHMT 2 &2 HMIZ, NIRSZ H
WTRHIBEMBOMMEZAM T2 22 Tc7v s 7 2BMBICTHENAE L TV B R
OB TP R T Z2EBRZTo72. EBRICX D, BEOH D EIC LoTMHIE
HIzELD, REOFBEIPSHBIZHAIT THRMEMBD FDOEEIHKKIZRS
i LT W 316

Fritz 5 & 70 27 5 AP RGO G, W, HEL2 KL, BM2HE 28V
TEHHME» S X227 OB PHFEEOREOH E 2l A 717. BAEKIICIE, &
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EADLETHETEZILE2RAL. 205 DOWHETIZWVT NG MK 0% e
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MOMBMIZWIZILTWDE R2Y MY =2 2N, T ORR, K0 30N AMHD
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EMAERTET 5.

MG DB FEICIZ EICEEEME SR NBEHEO2MEO HEPH 5. B
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Bz TohhZzaBHELIOELEMEH VD2 &8O & KRS Z
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5 #H: 0.5~4Hz

0 I%: 4~8Hz

o 8~14Hz

B i 14~30Hz

~ #%: 30Hz BA Lk

SR OWITHMIRRBIIH 2L EICHBET L. ol FLRHRBICH D L T ITHE
KENWDHBEHEEET, VIvIZIAL, MPICEBELTWD & ESIZHBET 5. i
DAEBHEBORLIERTRIEGELEEBED DGV, KK 2 KU 545 B
MFLTLBE, altDIREVE T L TCAERICR L. £/, all ZHIET 3 &
RIGIZHEAL, HIRT 2 e HOHETZ., BRI hzalBEL BN, £ 72,
BREPARLEBFZ2HE TV L EPHEORERBCEBEIPHEAT 5. v
F, AL THEBEL TV L ETHBETEAR. 050 EREEHON, alf &
BIWIZY Sv 7 ZAREBREMTHREBIZI-TEHTZ IR TEN], £ F
BAEEIZB T2 AMOLHEREBOGFMUMBHEIZH SN TWS 25, 72, alf &
WORKRFIMOFBEHZ2HWWT 2200 EMELTEILHVLIAT Y S,

AWEIZBEWT, 775 00FEERKEZHEETCE Lo RETIX, HET
ERELEZTHUARTERERPAMBRBERELIREI R EEZONS. LEMoT, E
LM AR T TCELLEPICIoTOERBIZERNAEL, THICE-STHE D
o L LEDHBEHE D ICHERPAEOND EREL, RBRTKRIAET 5.

3.3 B9

— WO T, FFHLAEAT - RICAEENIHEBRI DK D DK
ST EARDIEABEE DM 2T, FABEEAMZ2T 5123, REORBIZE D Lo
THMREMELSH 2 R THMEZABHMRRIHHREARL, G#E 7 — ) T £ #
FFT) 2 HWT R —2Z2ARZ ML ERDZZENL V. FFTIXMWR 7 — V) T £ #
DFD)ICB 2 HOMEKZ2EL 20, ZAEKO MM ZME L ZHEREET,
DFTIZH NG R IZEWD, 7 - X GBI 20REEFTCRITINE RSBV W
5 Hl K2 b B .

FFT%2 3§20, T4V 7YY Z7ORACERLTCT IR T —X%E2A/DE#H
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SETH, Y7V v s7flmessHedse, BAEMEIESSI 0 FiEk
kD12 S EDOMEBRO@EME AN AT T 2= UTHERL, KKK
fMlTiE1/2 TN TFTORAKEHOBEAK YN LT 7 74V X - ULTEHTE] L
HoNb.

FFTIZ ko TR T —ZARZ bV ERDZ W RFIHEIATOINLS56TH 5.
BB, BELEZVEAEEIODSEI SN ICHRVARKOLTH KRS Z ML Y R W,

1. F — X DR E
BTN ENRN (NIEH) OFT —22HET 5.

2. P LY ROBE
LY RZEI4LR—THRET 5.

3. F—&9Uq4r Ky
HAEXBMOT—XE2ZDEEFTHVWEE, T—XD0ORBEEANPAEE KT —
RIZBRDDTARIZ PIVIZRELRDWARAELD. TOLD, T—XIZAH
WEPITZZILTT— RO Z2R7ZSPIZ0ICEDY, T—XDOKY & K
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4. FFT © & 5
ta MM, o023 UEZMEOET — X go) 2 T RTOEREEHRELZ L &,
KT —Z2RZPMVIOEBFORTRD S>h 3.

ft) = /OO g(x)(cos(2 m xt) + jsin(2 © xt))dx

5 AR Z b )LD EE1L
AR MNLVIE—RIZEFHLBELVWOT, AERER T—-—EDONY NIEZ2 D
ORBEBARLUCBEEBAE2 L, ERAEMEL2 S Z RS,
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WO 2 AD. FBR2TE, A7 IZET 50D WKBEANTOZELEZ A5,
WHMERIRRLESGEFEMEZRBER T ZNOZEITAT, Fi X162 5 205%,
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41 ERRIEFIE

EFREIWERE LA L ERE2ZOADVNELI2H P RBETERT 5. WNiGH O G
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T/ <, I, MRE, IFk, (F, 0FE, EERE Vo EEKEZTZ ) TV XA
LIWZEHH - CEE2YATALATHS. MALICHEEOHNB & EEIKF DK T 2R
IR E O FF A E 256 /sec, I O BT ARHFETIELFYY 2L O AEH
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’AEEG Measurement Experiment Tool

File Start

Time 54 sec

{

¥

{

AHENEZEX, y , 20 PRIEES D TOTSLEERLEL.
TVISLPRAEDLIC. TRL TS HHEZZAE.

import java.util.Scanner;
| |public class Center {

/[ PRIEEHRTAVE

static int tyuo(int a,int b,int c)

[HITTTTIITTIT T T 77711777777 77777777711111171171

CTEBR TEE.

[HITTTTIITTIT T T 77711777777 77777777711111171171

public static void main(String[] args)

Scanner stdIn=new Scanner(System.in);

int x=0,y=0,z=0,tyuodata;
System.out.print("x&zA7:");
x=stdIn.nextInt();
System.out.print("yEA77:");
y=stdIn.nextInt();
System.out.print("z&A77:");
z=stdIn.nextInt();

tyuodata=tyuo(x,y,z);
System.out.println("$£(EF "+tyuodata+" 3, ") ;

i

1

MY =)L C#EE CTIEKRL .
IR Z2 R HFIZRRT 5.

4.2 Y R Y

HZELTHH 587 %

M 42 % A7 #HRY —

Il

12

HEH.HWRECHELZRRTZ2E2DICHEATE2TAAT L A1FE21340 v F T, #
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5.1 & i N D K D K

e Bk & fe! B Bla

Success | Fail p 1 Success | Fail pfE | Success | Fail p fE
1 0.754 0.009 | 0.036* 0.579 0.027 | 0.756 1.104 3.722 | 0.001**
2 0.270 1.230 | 0.182 0.686 1.499 | 0.048* 2.496 1.096 | 0.244
3 1.186 0.256 | 0.000** 0.464 3.563 | 0.299 0.349 13.30 | 0.003**
4 1.212 0.025 | 0.000** 0.330 0.206 | 0.647 0.613 7.156 | 0.000**
) 0.206 0.028 | 0.492 0.195 0.046 | 0.117 2.004 1.656 | 0.670
6 1.071 0.044 | 0.049* 0.591 0.077 | 0.091 0.944 1.488 | 0.903
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11 0.176 0.357 | 0.617 0.709 0.987 | 0.979 3.501 24.32 | 0.025*
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17 0.187 0.891 | 0.812 0.207 0.786 | 0.812 1.026 1.170 | 0.812
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