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Abstract: The purpose of this study was to clarify relationship between physiological indices obtained by
portable biosensors and performance of intellectual tasks. We aimed to derive a model that doesn’t depend
on individual differences. Heart rate (HR) was used as a physiological index, and calculation tasks were used
as intellectual tasks. Subjects were given tasks under two conditions. In control condition, a calculation
task was given, and in experimental condition, other calculation task and a one-digit mental arithmetic task
were given simultaneously. The relationship between rate of change in the number of correct answers in
calculation tasks and rate of increase of HR in average, standard deviation, and standard deviation of simple
moving average of 180 beats in the task was analyzed. The main results of this study were the following two
points; (1) The regression analysis showed the inverse U-shaped quadratic curve model was fitter than linear
model. (2) In groups which the average and standard deviation of HR were greater than the median, there
were strong negative correlation between the rate of increase in each index of HR and the rate of change in
the number of correct answers for the calculation task (r = —.793, —.741, both p < .01).
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Fig. 1 Bird’s-eye view of the experimental environment (when

there are 4 subjects).
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B L O E M L7z, DB OB EIZIES 0 &
BREL, TRCOPEBGAMICE STV ERET D L
FEELWEEZEZ H5N5 [13]. £2°C, HR DFK/EOH I
Ee L LT, HR DEIRIEOMED T IAE X Y &b
BEBWEERE IS L2 2T, EMKOZENEL HR
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=5 EMEZEEL HR OFKIRED LAFE L oMM
Table 5 Correlation between the rate of change in the num-

ber of correct answers and the rate of increase in each

index of HR.
HR LS
BET¥H
Fi9fE | FERE | BRERE
IR MRRBEMREKR -0.29 -.425* -0.23
ZE BHEHEX 0.143 0.027 0.248

* 5% KETHE (MR

F 6 HR OEMIEDOKEN Tz 2 Wlga OF ME O IR
& HR O &IEO L=k oAk

Table 6 Correlation between the rate of change in the num-

ber of correct answers of calculation task and the rate

of increase in each index of HR among subjects with

different levels of each index of HR.

FhREL hRBLT
HREfE HR
HR HR B#HFEH [HR HR BT
EfR¥ | TiaE  BRERE RERE (THE  BERE BERE
ZE |ERFE ERFE ERX | EFX  EFEX  EEX
TEBIREL - 793%*% - 741%* -.160 .088 .363 .071
HEHEE
(W) .001 .002 .584 775 223 817
N 14 14 14 13 13 13
1% KETHRRA)
RT WA 2 THERL
Table 7 Results of Chi-square test.
HREFZ |8 BHE #iis=SrEE (M)
| B 4.30 4 0.37
e
BAERE | 6.71 4 0.15
bR THE 0.68 1 0.41
TAERE | 0.68 1 0.41

DEARRED LA L ORI HIL LR 2R 6 (IR
¥. HR OFED FAFBEShIMELL EOBEIZ BT, IE
FREDZEALHR L HR OFED LHRE O, AERR
WEOHBERA SN (r= — 793, p < .01). HR D%
RO LHZRTH AEOMEmAR LN (r= — 741,
p < .01). 180 1D WA BT O RHER 2 D LA S
JUELL LD, B X HR OKIRED EARHFYLAELLT
DRETIE, ARGHEEIAON P57z,

INA T ADKERTER T A 720, HR FELAXRB X
O HR R FASR O R - RIS O 8 S o pbig o
FAC - RSB B 1 2 el = Eh L 72/ R &R 7,
B H OREREER, ERTO A O OFRGEBIERE, e, B
2B % Mann-Whitney @ U Mg 2 £ L 72/ 2R 8
WZRT. EOEBICHL T AEEIALN Lo 72,
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%= 8 Mann-Whitney @ U FiEHs H#
Table 8 Results of Mann-Whitney U test.

HR Mann- Wilcoxon LB R
EFEK  |WhitneydU DOW R (FRE)
mE® FH1E 61 166 -1.64 0.10
BEAR IR (h) ERE 72 177 -1.04 0.30
ERORENS  FHE 67 172 -1.18 0.24
DFBEE (h) EERE 76.5 181.5 -0.71 0.48
o o FH1E 89 180 -0.10 0.92
RE(C) e
BAERE 86.5 191.5 -0.22 0.83
Fi9E 88.5 1935 -0.12 0.90
SEEE (%Rh) T
IEERE 89 180 -0.10 0.92
o m¥
0% — A
-2
o
-20.0%
o
= o
- o
o]
b
=
o
=
o @ NS
= = .,
-80.0% \‘
]
\n
-100.0% T T T T T.\
0% 0% 50% 10.0% 15.0% 200%

HRFIGELFE
3 IEMBZALE L HR TFHEO LA L ORR
Fig. 3 Relationship between the rate of change in the num-
ber of correct answers and the rate of increase in the

average of HR.

O @
—2

-20.0%"
o
E o
=] [+}
B
T d00%
kg
'
it
-60.0%
k3

-80.0%

-100.0% T T T T T
-50.0% 0% S0.0% 100.0% 150.0% 200.0%

HREERE=FEE
X 4 LR E HR EEREO A3 L ORfR

Fig. 4 Relationship between the rate of change in the num-
ber of correct answers and the rate of increase in the
standard deviation of HR.

4.4.3 EFILOEESMHEDLEE
HR Ol & FEHERZEIZB L C, HR D& IE oKtk
S YLELL L ORE & DIT O CRMERE O IE & ORI
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® 9 HR PIHEOEREILRE L AR

Table 9 Standardization coefficient and p-value of average of

HR.
AR ER IEAE(LIRER ¢ [Ep=)
ERFRE RERE ~N—2% HEX
HRF#H(E EF X 2.324 1.448 .687 1.605 .121
HRESE EF R -.218 .087 -1.069  -2.498 .020
(%) -52.059 5.109 -10.189 .000

#+z 10 HR 2= OB & A EifEE
Table 10 Standardization coefficient and p-value of standard
daviation of HR.

FERE LRI IR FREL ; 'R

ARFRE RERE  ~N—Z% TR

HREEA(RZE L/ XK 0.053 0.151 141 0.353 .727
HRIZ#ERE £ 7 32 -.002 .001 -0.630 -1.582 .127
(%) -48.584 3.892 -12.484 .000

RS KELSB L L7220 s, 2NEHO HR OIRIEO L
AL, FHRNEOIEMBOZAR L ORI, 1 kAT
KL VISR SN, F2T, TAHD 25018
EICELT, #F (1kX) B L Ot E (210 o
AT RAT, ETVOBEME B L2, 1 KA DEM
BEARB L O 2 AROEPHR A WA TR 3, X 4
ZRT.

F3 HR OFIEICE L TGO 247 - 7246, €7
VD& TITE Y DR S 2R IEREE, 2 1xX) T
R?=.084 (p>.05), 2RI TR2=.273 (p<.05) TH
D, 2R TOMSWKHETHE 72, HR DFHHEOIE
WAL E B EREER 9 IRT. R TH S HR T
ED LARD 2 Fld, FHREFEOBHRE DL T 5% KHE
THEIWZHHT L 2 L0 no 7.

RIZ HR OFEMEAR I L CR O 247 - 72463, €
TNDHTIEE Y ORI EZRTIEREE, #F (110
TR?2=.181 (p<.05), 2:RATR%2=.258 (p< .05 T
HY, LB SWKETHE >7. HR DIEHERFEOE
WALRE S HEMEREYER 10 1RT. RETH D HR OIE
HRZED FAFEO 2 3, FHREAEOBEO 2R HE
WL W L 5h o 7-.

U EokERD» 5, HR VF¥ES L O HR BEHERAED B
FORGIZEALT, 1Xk&E 0 2k 0555, EF VO
G E, o7 T2, 2% /158, LB UTEE
IR EDG otz 2L, AEBHMTE 0, FIC
TEHSAE D S GBI O T — 5 DRIz,

5. B

4.2 I B VT, st GIEREOR) - Ehklt G
BEE 4+ BEERRE) b 5 &, FIEEOREE - IE
fEEB £ O HR OFRIEICHBED AL NIz, B OFHE
MEONE - EBICAEEENALNZEEE LT, %
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BRefrTld, FHERRELIEEREL FMIIET TT ) 2 &1
Lo7C, FHEREICHTLERNIPRT LIZENEZ 6N
B, RNVFF AR TIIIHHLIREI AT 55 2 L8
PR COIRM S N T B [17]. ARFROR R, Fh
SOHEL T D, HED HR DRIGEICEELEDLHD
N7-HEHE LT, EBRFEMCRINTBREREDOZEN A
SN EZ HND. BHAEEIE Williams [4] 257K L 723
Z— 1 BRTMBRLIREE LCRRMERTBY, 87

F L) UEBh M OZBA AR (18], B & ONLRAEHM
FEELEE OHIH 19] 1S & o TLIHEAS EA T2 2 L 55
PIZR o TWE, AP LA T I EI2LY), HR OF
YHEAS ERS 2L L 012, @5 EORETH 5 [ElEFEAR
180 D HANBEf T OFHERAE D FA L2 LEZOND.

KO F ofwm I To 2 5ch s, 1 HEIE, F
S OFER, HR OFEL L CIEHERAEO FRREGHE
HUEOIEMROZALE L ORI, MIEO 1 XX LD b,
WU FO2RMMDO TS, EFVOHTIT YRV &
ARSI NIz, FRIZ, HRFHMEICE L T, BYRSHTICE
J 25 AT ORR L, HRETH S HR FHEO EAFED
QNIRRT 2 BHEN L B 5UKETHER > 12
7o, MOREEL L <, FHEEOREE Tl 5 5
ICEHTH L REWD D 5.

BEAFFZEIC BV T, RERHBE L WO LIRRE L, B4
e O BE L OB U FOBRES 5 2 LATRE N
25[9], [10], [11], ARFZIC L - T, LHEIRETIZAR L, &
HYRIECH 5 HR OFHEB L OEEFRED EHE L, Al
HEETH A RHEEEORGE L O, ¥ UFOBERTH
B EDUREENT. BRZ HR OFHHEIZ, RELERLEBD
RBIGEL LTHWONTEZ LI IC, TR 0LHEHRE
& HR OFHMEITR VR EZ O I LAURB EN S, 20D
720, ARFZEIZBWTH, HR OFHED ERRE | Al
VBT H HEIMEREDO RN U TORRE AL N2 L%
AOoND. TNETHIERDRGEE HR £ ORfRE k-
ToWFZEIEA R LT izizd, AIFZEORERIE, TE ORR
EHOPICT L -MIZhBEEZLND. HRIZZ L O
D EARL U TUIETRETH 728, HR % v Cal
PVEED G2 TIHITE UL, EROF 7 1 ABEIZBW
THHEE - FMATHETH L Z EDHFEND.

2720, KifgETlE, EFAVOHTET VORI EZRT
TERBOHEIE, LT LBV EIEVEI o, F7-,
AFRTEHMTE 27— 21, T UFOHESMNED,S
HUOT =45 Thotz, 5% E 5% BETINVOBEEDORK
FED 728, FEIZHERE O LB OB LR PRV IRED 7 —
Y HIWET LLEND 5.

2 THIX, HR OFMER X OFEHE(R O AR A ULl
U EDBIZBWTIE, N5 OFREE L FIHEMEO EfED
ZALER & OB 1%k HETHE L MR OME (r = —.793,
—.741) ANz, HR OFEOHILEIL, HR FHfE -
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A% (1) BEU HR EERZE FAR (K2) oMFHICE
W, WU FOTESMEIMET S, 20720, FEx
D AR OFEIRIZRET IS, HR ORI/ED AR F5E
ORI OBBRTE 52 5N REMEATRIEE N
72. oF 0, BHEEEE S 2 5N, O —El
AT 205G, MEEEORREIRE T T4 WTRE
BN, W, MABO R 225281085 T,
MEEDOBIREDIKT % FHC&, HMAEEEOM EIZEF
HC& NN D 5.

7272 L, ARFZETIE, AT O A L TR O B
EDOBEIIREZZO DD, HMNTEEDOBREEZIRT S8 2 7
WEHSPICTHICRES Lh o7z, WHBO ERZD Y
DPMINEFE DB BEL G- 2 -0 fetE b b 575, BEH
LEAH BRSO G 2 7 DR OO BN, FzixER
S OER & LA D LF E OZHAERDY, HBEEO K&
B E 52 2RI REN TS, BAERE T, I
HEEE, HARZER POMS O %A%, &), %
5, RElL, WROHEHBICAELRHEZ 525 2 LWL 2
7% 5T 5 [20]. EEFREICE > THIEEI SN DR
PEATEN SIS OLFRIREESE DS, HINTESE O IR
B2 720NR S 5. 512, FERRT TSR Sh
PO ERO R, STEREORGEICHE Y 52 51
BEMED 2 HN B, AL, OO FA DS OER %
Lo B, HHE 0 LEIREE Lo ER AT &SRS
FTZEDHOLNII > TV ERELE U /-MEE 2 BINT
LT 5 LICE 5T, HMIEEORREZ KT S & 5K
DIFEZ DL 2 LIS NS,

6. F&&b

RIFFeI, HHRIOEAY 2T BUS RS 2 A G
&, HMTEEDORGE L ORBREWHO 2T A2 L2 HE
L7z, HR12, BEAFRFZEORRE CTH - 72 EFRIE O M A1
RELZVETVEERT LI EEHIBEL. 20720
12, 2L ORI OEREY v TRUS TR A BRIETH
L L, IUERBBHERED 1 D Th HaltHARED
WL ORRE ST L7z, BIZRIREE, O e D
B, U FOBRERT, &Lz, —ZEOF&ME
L7233 % DBEERE I, FEblSlh L EBRSEGD 2 DD %M
T 52, TOMETIE L2, FHlSEE T, R
HIZ2HOME - WEEAT ) FHEREEEL 5.2, EREEH
L7z, FEBREMCIE, FHEREICNA T 1 HFOREHRE
%52, FGM L RS, SHEEOERREEH L.
W OFMERE O ERB O bR L, Ao TS,
TR, 180 AR EN T DIRHERED 3 D DIRIED LA
REDOEGRE, EFICT— 2B TE 2140 DT —
Y E xR L7z,

ZOMEFR, EHBEOMAZ KT LBV TO 2 5o

fiinm @ 1572,
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1A EE, ERGTOREE, HR OFHEB L OIEER
O FRAFREFHRBEOZELR L ORI, MIEO 1 AR
I0d, FUFO2RMBOHED, ETAVDOHTIEED
WEWZ EAURENT. B2 HR SEEO AR LT
(&, BURGATIC BT 55 OMRE, HRETH 5 HR F
WEO LAFED 2 FsmlIFNICE 2 % ZEITE DI 5%K
WCHEL o270, MofREL KL T, FHEREDK
e THTABICERCH A2 RN H 5. 72720, KiF
RCBHNTE 7= %1%, FICHUFOHESANE»S A
MOF—=5Thy, RERBKILTLOEL hholzl l
"o, EHRHETIVOBEEEDOBIED729H12, 5T HR
DEFREEDOEALEPRANEERE O T — ¥ R ET B LB
H5b.

2 HHIZ, HR OB X R iDL o
BB L T3, HR OFKIBED ERAR L FIHEEO ERE
DZALFE L OBIZIRVE OB (r=—-.793, —.741, &b
IZp<.01) ANz, 2F ), BEHEEZ SN,
DABATR & C AT A 8EE L, JMNEECTh LEHER
EOBEIRKE L TELEMIH D, @212, AO L
AEMZ B2 LI2E T, MEEDOKBEDOE T % FHiT
&, HMNAERON FICHESTELRENS .

FEC 2 Mok, HERERICILETAET LV CTH ST
O, BAAUE L KL TS EWEEZ bNE. 41
&, HMEEOBRREICEEE 52 2 BEROBERE, b
DERDAATNC G- 2 BB OH 24T\, HINEED K
KA RICHFG T IR HEEHREFRE L Tw L.

152 myBeat (&, =4 ¥V — VRSO B FREHE
THhb. SPSSIE, {1 % —FLaF-EVRA T —
YA - aA=Rl—va rOBEHIETH L. AL, YEH
5 [21] I - BIEEZ MR 720D TH 5.
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