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Estimation of concentration state during working memory task by eyeglass-type wearable device
Teruto Endol, Mayuko Kanl, and Naoki Miura'

Abstract - We examine a method for estimating a concentration state during working memory task using a eyeglass-type wearable
device. A 3-back task was used to measure eye and head movement that involve changes of concentration state during the task. The
concentration and the non-concentration states were defined based on the correct response rate and the response time for each subset of
task trials, and a support vector machine was used to classify those states. As a result, the concentration states could classify with
sufficient accuracy, and parameters for head rotation were indicated as important parameters for the classification. Thus, the present
study would provide a feasibility of the eyeglass-type wearable device for real-time estimation of the concentration state.

Keywords: concentration, Machine learning, wearable device, working memory

1. FeiR

NI HERRREIC L > TRT =~ L RITEVEL BT, B
SYOEEAIREEZ N0 H 2 DSBS R CE L ENEEL
VY, ZOTDIT, VRO E 7257 MREST - (Bt
VIT ALY RIS T —4 F A SRR
5L ITEEGE TR D,

NEDEARREZ B D=0 I REED R L. LA
THHR D ZRIEE BT DTN G DD D0ENRH B,
AT I, AREBAIRER U —2 m— RHEEICEHE CTh
D ZEDESIVTOD L], Fo, ARIOSEARIE IR
2 SO EANCHIERTRECH D Z EAVREN TS [2], B
ST, USRI & D RAIRE A TR il e L, LR
AERIFRA RIS 2 & T AT & RARREORSE S A AT
BRI D BT,

AARFEROGHIMER S L CA TR =27 T TNVT I8 A
(JINS MBME ES, Pttt 2) #fva, BxORfZIEEL
756, BIEEMEERTTh A Z &L KU Ch D Z L nEE
LVY, JINS MBVE Z RV Vo 5ef TRIME Q. AEMNERD Raw 7—%

ERIHFREZT 17 X VWSO BV TS [, L LA e,

£ 0 Zefftire— e T M ARORY A P RRR IR Tl B,

ZZCARIGE T, AT JINS MRME Z v s
BT U CODIRFDAMRIEHRAFRII L, M E R L
PRBEDRIRN 2RI D, ARIGES N—T DI TIGEL3 IV T
FEORRE L ERRED BIR T D Z L AR L CD, 2T
ZOFIRT 4 % A ORI BT T L D00 L R D R
FERBHIL, AT JINS MEME 2 v AR RAEO /348 TRE
ThoHHWRT 2,

1 BT3RS (3 TR
1: Department of Information and Communication Engineering, Faculty of
Engineering, Tohoku Institute of Technology

2. Ak

2.1 5ER

JATIFEL] Tl 3-back AREIRFOOERE ORETHE) & AR
TEHREFHI L7, 3-back BRHE 1, FREI—HTOETHS 3(#
BCF RIS T L~ L QDA D3R E TH D, 1
ATHIZY ORFEZ 2L L GEF60 T2 1By a e LT
FAEATo T, TSR AR 11 A\OSHEETRL, 1A
W0 3y a  oOailEIH LT, 73R Bk
TR R S ORRE A CHiE ST,
2.2 Ty FOFERL

SATRIFEL3] ORI IS | AREIRAH & A4 Pl CEEIR
REROVESERIEA ERR LT, PR T — 2 AT T 0w 1 v
R OMRORHSE AR UV Vo, SRAEEI ZOVWT, BRE OgRS
LIS, DRESERNIGAEE, DRHERAR SOV TR, BREE
CAREREEN VWA R L, 2 LT SEhiRiEOE
RFESNTT—H ETRY T LT, FRRE T —4
VEEEARAEDS 248 1B, FREEIRAEDS 216 fH & 72 o7,
2.3 RS & D ERREDRA

R OFEE UTHR— by 21— (SW) 2, 1E
b Uler —2 Gl e E S, PR a R, T,
INA PG A—E OFEUZIXZ Y > RP—F 2 M G35
DRI IBSERGEA A e, BB T—2 Y e T8
YTV TN HEIL, ZON1DETA N —2E L,
OO 10 HOET—2ty MEAWTI Yy RP—FL35%
BRRIFAA To 72, Z U C B bl BRI S i B B8R L
T AN B A L7z,
2.4 SO LTF LA M &SR OEEEOREN

FUH BT F VA N TR EDOEEE AR U4] 4R
HURRE & R PRREA T D DS RAS D G ATl L T



T BT F LA N THOWDIEARIL 10000 RFRE L, PEAR
D& ) — RORMEL UCO=AEE A =, Fz, EADH
CTHERFAEATHIT 272012, MNREIT o F D74 1A b
(Z R D EEERN AT, HERHSE L L CGRIRSN DR
RIS
3. HREEE

3.1 SEh{RAEDHERIER

ST — A LT A NSRS AME AR LIRS, 555
HOITE BIIN% TS Z DS, — BT JINS MEME THHH
ST —5 % CHEARIE A0 C& D ATREME VIR ST,

R PERT—H LT ANT =S DRI
Table 1 Classification accuracy for training and test data
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Fig. 1 Importance of each parameter for classification
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Fig. 2 Importance of parameters for individual classification

4. R
ARGE I 5aT JINS MEME 2V CEEA B AT 5

FREMDVNB I NI, FTo, ERIREERR I 2 BEE ) i

FHELTWBZ EAVRSI, ARIEEANIE ST RO

TE72 EFE RO DTN,

SESR

(1] /00 sk, e 1R 0 RO, A 15,0 A 7.
TTIS A% AR A 7 BB R IR A U —7 m—
RHEEICBET ARBE, b a—~<i A L H—T =— A5
SGE Vol 19, 2017

(2] EM #2E T ME, NH Z A gl Kbk s
B, SEROIRSIZER LI e o e B n e M1, &
22— B—T 2 — AR TN 01T —HEFEE
pp. 171-178.

(3] & HEflT, =W E, 0 BB L iREEEN I < R
TETHEOBFE, Tk 30 AR T e s
FHTETEDRKEE pp. 123-124.

[4] Raschka, S, #EA\EHI A —75R &S EAREER, :
Python e EH 70 /'S I L V—EANT —E A =T ¢
A M XD R E S MRSt T VR, 4.6 7 F L
TH LA N RS EOEEEICT 78215 (2016)



