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Detection of Temporary Rest State while Performing Mental Works
by Measuring Physiological Indices

Shutaro Kunimasa*! Kazune Miyagi*! Hiroshi Shimoda*! Hirotake Ishii*!

Abstract — Several studies aimed at evaluating intellectual productivity and specially
designed tasks were given. However, the result may not be reflected the actual intellec-
tual productivity because the designed tasks are different from office works. Meanwhile,
there are two mental states (work and temporary rest state) in office workers which are
changing alternatively during mental work. If the mental states of the workers can be
detected, the productivity can be measured more accurately. In this study, the authors
aimed at developing a detection method of temporary rest state while performing mental
works by measuring physiological indices such as EEG, ECG, and EMG of extraocular
muscles and orbicularis oculi muscle. From these measured indices, the authors extracted
6 features which were alpha and beta brain waves, low and high frequency waves of heart
rate, and the intervals of eye blink and saccade eye movement. They were used to detect
a temporary rest state by using Mahalanobis Discrimination Analysis. As a result of
the subject experiment, it was found that the detection accuracy was 80.2%. This result
shows the possibility to use the physiological indices as one of the mental state detection

methods.
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Fig.7 Sequence of this experiment.
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IZBWTASM & FSM, ENFEND/Z—2TT7.5%
T ODF 15 Etil 21T - 7.
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# 1 ASM Fpoo /L PURp# R & AR & DARBILL

Table 1 Correlation ratio between each physiological feature and cognitive

state in ASM

ASM LF HF ol B | BEERIKE | Vv — RiEBERE
1 M 0.249%% [ 0.097** | 0.025 | 0.089%* | 0.346** 0.045%*

3 M 0.133%* [ 0.006 | 0.053** | 0.040%* | 0.400%* 0.145%*
a4 | 0.074%% [ 0.096%* | 0.067** | 0.018 | 0.108%* 0.200%*
GEHE 0.005 | 0.106*%* [ 0.071%* | 0.119%* | 0.189%* 0.288%*
ZA 7 |0.214%% [ 0.055%% | 0.014 | 0.072%*F | 0.053%* 0.037*

* p<0.05, % p<0.01

# 2 FSM WD AP & FRANIREE & DOFABI L
Table 2 Correlation ratio between each physiological feature and cognitive
state in FSM

FSM LF HF o Bk | BEEMNE | Vv — RIEBRE
1 MrnE 0.175%% | 0.111%* | 0.001 | 0.042%* | 0.247%* 0.052%*
3 M 0.227%*% | 0.064** | 0.035% | 0.064** | 0.432%* 0.217%*
7oy ZHHN | 0.083%* | 0.029%* | 0.047** | 0.033* | 0.181%* 0.028
{REE 53 HE 0.185%* [ 0.042*%* | 0.063** | 0.160** | 0.271** 0.363%*
ZA 7 10.320%% | 0.157%*% | 0.010 | 0.062** | 0.038* 0.034*
* p<0.05,*: p<0.01
5 e # 3 KBWIMEA7ITHBITH ASM B LU FSM
. =]

PC EOFHUT A ZOREAIZ LD BT —H D
—EBRED 34 OPERE IR G A, F72 R BEHEGE DL
WIS 2 4 DYEBRFIC R ONTT28, T OWEERE O
THIIEIEE L. £, FED 21 A 0OFHANCBWT,
PCHEM DO N T 7MLV Ty JNLET A M H
A IR IHIT ORI N TR o Tz, T
LOF—ZEMIELT-. LI TRrtE 0T —%
I HPINE & 3 AT INE R X OMs B4 Tl B 21
&4y, Ty N ETHRANIA BT T 20455
DT —H Lipoie. EBR%EO EEG 7 — 4 ik LT
LA, FzBXOCz D EEG FIIHE U
— FEEIERO EOG N7 —F 777 b & LTRA
LT ez®, ZNHDONMED EEG 77— X 2L,
Pz riE D EEG 7 — 4 & L7-.

Huh7—4% D ECG, EEG, EMG 5 Zn2hi
L7z 6 FEO AP R & AE3EIREB R O FRER R
REED 2 WKHE & DFHRAELIC DWW TR Z 2 7 J O EHHI
RE—VTHELEEREZR L, K21 L. AiE
X ASM B, #%F 1T FSM RrDfERTH D, FHEN
OB 2 A EAREICILF mEX HWZ. 1
HiNEL, 3 M X OMEZESHETO FEIZ DWW T
TOHMBEXL, SRHOBAHBET4723 THY, Ty
TSI TR OTH A N A B T2 THTDH
HEEIL 1, R0 B HEIL 4498 ThH o7z,

ASM & FSM (2B 2 R FIEOHRIMEREZ K 3 I
L. 2 00FEBRBINEX A 72T 5 H5IMER
DFHEIE 80.2% Th - 7-.

TOHIRIEE
Table 3 Correct discrimination probabilities
in ASM and FSM

B R

R n ASM FSM

EH) (%) [ SD | ¥ (%) | SD
1 K& 21 85.4 10.7 83.4 10.1
3 M 21 83.4 9.0 82.6 9.5
Zuy Z#SE | 20 75.5 5.4 78.3 10.3
2L 20| 71.0%* 6.1 81.1 8.0
frEEHE 21 78.5 7.6 79.3 77

# : ASM<FSM (p < 0.01)

FEIY, FERRNFA LU THEEOI ASM TOA
FIEOHBIHERIZ FSM ICHRTHEITEWN D & 235
o7z (p < 0.01).

6. EE

F 10K 22OV THE &~ DAFRME L R mIREE &
DOz, —H DL ZRE ASM, FSM HLicH E 7224
LA L L D& 27 TRH BT

B EE L 2 DOFRAIREE & ORI R K
TH 0432 TH Y PAREOHBADIE TH D729,
2 DR & FRANKEE & ORIZIRWEBER ® 5 L 1T
SWVERNA, ARIFECTHWEZ IS 6 FEEO A B
FEOMERRBE K O— KR QAR DHRNZ AN Td 5 Al
[ E TN NG b i oY W

£3IMNH, TRRAMNA B THEETOHR ASM TO
HIBIFESRIT FSM & BE_FEIEDN o723, TF A b
AT TIIMBELEINDA A NVT—7 B — D
KE, BLIOWRENZ 27 T I2hHEMOE S
DEETHDHEEZLND. THXAMNIA L THRT
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1L, EEREIIEEICEE R SN X EE XA — REH
WTCANT BT TEL, Nl EOEKRARTRIIGE)
(CEEMINLC, CERLIEA &) NER Shadof27z
O, K THW TR A N A B T3z 27
W2, AUENLVT—T a— RBNEhoTz b s.
ZDBE, F AT ST TOWRE DAL RISITE
b, FRITNEL B EEZLOND. Uk, T
XA RNIA L TIZBNTE 0BG E IR 2
HETIZ, OX A7 X0 EWZ A7 FFEORRIA %
EThHDH. ASM O, K54 30 X IcaEn
Bz LNTEBY, 7TX A N A 7T+
728 A SR ORI & HEfR T & TR o T ATBEMED
HDH. ZHICx LTFSM TlX, #BRE LB X A
RUTTRUEEYIVEZ DT, AT REOR;
BITHBRE B LT A 712k o TR - TU -,
T, THFARNEAE LT OIEETEED O FRE R 23R
NRIFER 20400 19 408 F A7 kA 30 hLLE,
BITH.0 AR L TV Z Lot LIRS T,
WRER N (C 20 A AEBRAUBUS 2 2 5121 60 F T
DUBEZLEZOND. FAIEME -2 ba—L -
LA N COABESREBRET — 2 OFEOAFH
INeWgGE, TOHRIERBIR T 27290, LRI
WARTZ A HNT =T DRSS B LY A7 SR O
BEWND, TFA ML E U ZITBNT ASM K|
BIMEZRD FSM BRIZEER TR Ao o I EHERI S L D .

IIVE TOAEBREFAE W ZFZEE, ASM o &
IR CRUEZO 0 B X 2B HEHIZ T > T
DM, KD XL IICA A NVT—T a—
RCERRF N R 5B 2 27 4% 5 Haix, +
IR H AT W E TR T D R E L ATED XA I T
THRUZG D B SE D FERETOE D, HBED
FUEWVREERHEDITA D EEBEXLND.

EEBRAER D, RKTIEO L HBIRHERIT 80.2% T
bolz. ZOMEIE, EEETH D 100% UV VEE T
IRV, RIEMETH S 50% (2~ 30.2% @2 &
N, RFEOSBEORMIZH D ODOMIIEERFD
— AR EIRAEORR NN AE PR E AN K- THIRETH
DI TR E T

FIABZECHW- 2 A7 B, 1B E TS L,
DAORFIEDH IR Z TGS 5 7o OICKEH Sz b
DTHDHID, KRE LTEBEOL 7 4 AV—7 &K
LTV D SIS WVERD. A%IE, AR CHWEH
A7 EIFRIRDH AT REREDOFT 4 AT — 7 & I
ToiHli &2 B

AlalERf L2 AR EEG B L O ECG, EMG
ThoToh, MOAEIRE bR 2R3 H 5. KL,
P2 S KI5 (Electrodermal Activity; EDA) [26:27]
SOfip ML & (Cerebral Blood Flow; CBF)16 72 & ¢33
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