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The Inference Method of Cognitive States while Performing Mental Tasks Based on
Performance-Mental Effort Modeling
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Abstract — There are few researches that consider both cognitive performance and
mental workload in the field of intellectual productivity studies and cognitive load theory
(CLT) studies, and most of them focus on only one of them. The authors therefore have
proposed a Performance-Mental Effort model which deals with both of them. In the
model, the cognitive states are classified into four categories which reflect their perfor-
mance and mental effort. A subject experiment was conducted where their cognitive task
performances and physiological indices such as heart rate and pupil diameter were mea-
sured. As the result, the estimated states from the measured data based on the proposed

model could well explain the detail changes of their cognitive states.

Keywords
fort, Physiological index

1. LIz

BRI EDBRERITBNT, BMifERDZ <1
RHEMIC Lo TR L EN D K912, AHDTH @O
PCEERABIERER ED 2 FIGITFELREL 2> T

WD, FRIC, REFECHIIERERIIC IV TRk 2 mi RS
OMEIFEEE IS/ E > TR Y, BFrE L UHER9F]
WaFL T OIITMEEEOR EAHEETH D, A

HIAEPEMED ) FIZIEE OB TFEDHESLALEETH Y,
BUEE THEZ O TORTE T [14]. Zhb

OWFFETIE, FEREE OMERENERMEE LT, &£
BRICEGE SN Z A7 2EH L, ZDIEEDE
Btie b o THMAFEMEE LTWa. LavL, mrE
FEMEIZA B LAY, EFN—Ta v binoiz AR
OHBERIC L W E(T 5T, ZThbOkflddE

IZREECH S, L0 IR A AR EE R m e = D&
{EBRAE LR OBRIZIE, (EE2EBLETU Ny

KT T2, DERRRECFREN A 72 & ORI ELK D
BRRHETH DN, %EHEEE LIREIERT I
VAQAR

—Ji, NBEOHBIRET) & IR OBMRICER L7z
WA P IC 2 <AHE L, FRICPEZERLIEORE I AT
\ZBI9 % Cognitive Load Theory (CLT) 5% [5-8]
ﬁ%@%&bf*?%hé CLT WFFETIE, anfafis

(CHSE, NBORBMARZRET D Z &L TR
CHABRERFBE TR X =R R
CBUE, KIRH AR

: Graduate School of Energy Science, Kyoto University
: Present, Osaka Gas Co., Ltd.

873

Cognitive model, Task Performance, Cognitive Load Theory, Mental Ef-

WO EZRATND., BICHBET VA OEER
BORFHIFHAINTREY, ZoRIZBWCmiARE
PERFZE & B <RI L TV 5. AR ORI TIEIC
DR AL 72 & ORI 2 WD FER®H Y, %
<®an%@ﬁm$#£%ém1w p&@.é%

, ERICHT AR T v VA LERMARE D 2D
%Hﬁpﬁmﬁé_kf,ﬂ%@@®ﬁﬁmﬁﬁé
L Paas b [6,7] IR L TN 5.

L, FRAEEMMZES CLT RV TR 7
F—~ R ERBEAR OW )T % B JE LI TRIE 72 <,
WS EO—FHFOFEICE E-> TS, 22T, &
%Em%@ﬁﬁéﬁﬁbtﬂ7w—vyxmﬁﬁﬁ
ETNVERREL, FERBEDONRT +—~ A L3R
BREAHETHZ & TREET NV THREINDEHRD
RANRIE A HEE T 5 FIEZBAFE Lz [17]. $REFIEIX
%%@W¥N7ﬁ—771%ﬁZMK,Mﬂﬁﬁ®h
FE L IND0HE L O ALY HEE ORI AW &
I L, EEEGE ORMIREEHET 2 FIETHD.

T LY, BERTIIFHMEARRRETH -T2, TEHEHE
BOFEMNNNREZ BT 5 Z & REE 7D, L

2L, ZOWETFIETERIZL D o REERThi
TRV, & 2 CTARIFETIE, REERIck-TZ
DIRETFIEOZLUF M AT/, ALV IRET
HEOA RN HER ST, I—ETEEZHAVEZ LV
72 AL PEMEREA S FTRRIC 72 B E TR S D



2. NI7A—IUR-BHMARETILEROEBHRK
BEHTETFX

BER DB AEPEVERFFE T, & A7 OIEEEN D
Pl AT O FIENER TH-72. LL, ool
A FE LB ORBAR BRI ANT & WD o TN
ERITTEBIHMIICE £ > TV 5. AREREM DS E
OWNIERICHBEIN DL L, K0 FE Lk
IR, 2 ONIIER O BRI & fLAaA A TS T
EREE LW EEZLND.

WHER A2 B E LM FiE L LT, EE LI
T~ AGRMANET L (K1) & HWTCERENR
REHEE FIEZBIR LTV D [17]. 74—~ AR
HAMET WL, EERBEE ORIREEZRET 5E
TIT, EEORIRREIT T r—~ 2 2B LUK
AR ORIENS 4 IG5l EN5. 4REDH L,
High Working State (LLF High W. S.) (Xm##&
fif « @7 =< U ADIREET, ZOIREET OEE
B WEIBAENE & RIRHS, 97 OFBP THRIND.
Optimal Working State (LLF Optimal W. S.) 13K
RENAM « @7 —~ L ADIRIET, ZOWRETD
B T IEEAOEBAFD B m OB EIZh R TR
ZUBLLTEY, @OMAEEENHfFIND—FT
P97 DERRITB L PSS, Low Working State
(LT Low W. S.) 1HEFREAN « (KX T —< 2 R
DIRFET, FBEHIIREZTM-> TV D EEZLND.
Z DT DRI EIEOHENIFEE N, BT —<
A TClEdH > THHEFELEOBLED LT L HEEHT 5
RERAETILAR V. Itk D Bad Working State (BAF
Bad W. S.) 1%, @midaas « BT+ —< 2 2D
HETho. ZOREBIL, HBEE DL DK
THESNTWD LEIIBEINLI EEXOND. #
RETNTIEIO 4 DOBIRENERL LT 2 &
THPAEEENELT S E LTS, LoT, Z0OR
HUARRED BRI A HEET H 2 & T, (EERT+—~
v ADEE A U T EE ORI OMEIR & o7z,
TERDVEENRT —~ 2 AH D WITEHAR DO EE S
T DHDFAETIERATRE T o 7=, FEMAREIE
PEPERHBAS FIREIC /e D & B 2 bLD.

Fiz, EEOIXZORBIREBOHEFIEL LT, 1F
ESohR L AEPMEER E B O N T — X O
DFEFREL VD, FEOMEAX 21577, &
RFETIE, ETEERT r—~ U AZHEET D 5%
®EE LT, X RY BT LIZBEOEEek (FE
Ref], fRAREM O, =7 —F) %, BEAn & HE
ETHREELE LT, D, BEALREZREL, Th
SEBIHE LTNV—NR_R—R T 7 s T Lo TH#
NENDBIEE AT 4 —~ L AB L ORMAR & HEE,

W.S. = Working State
1 ’?:”"""“ti{;' """""" ‘5"
g Optimal High
é W.S. W.S.
= \ /N )
§ 05 7 Ve 'l
Low Bad
W.S W.S.
\_ J\. i
0 05 1
Cognitive Load

1 57— v ARIARE T L
Fig.1 Perfomance-Mental Effort Modeling.
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Fig.2 Cognitive State Inference Algorithm
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Fig.3 A Layout of the Experiment Room.
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Fig.4 Positions of a Subject and Measuring
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Fig.5 A Procedure of the Experiment.
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B, HEEPRD LN (p<0.001). 2FH, 220
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Table 1 Mental Workload on each Task.
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MG 4TI
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Table 2 Means of each Feature Values (So-

lution Time, Variance, and Error
Rate)
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Table 3 Means of each Feature Values (Pupil
Diameter and Heart Rate)
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IRT f—v  AMEEOFERE R 4 I L O AN
HEEDFRERAFK 5 ITRT. T p—< U ZHEEIZOW
THOBH D t REENT TR, ARENRD LN
(p <0.001). F7=, FBAAMHEEICIBN T Y E LT,
2 MRS KOV A MTHF B & K HE & LT 247 -
ToAER, F(2,52) = 26.42, MSe = 0.01, p < 0.001
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Fig.6 Means of Pupil Diameter on each Task.
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Table 4 Means of Performance on each Task.
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Fig.8 Means of Mental Effort on each Tasks.
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Table 5 Means of Mental Effort on each Task.
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Table 6 Mean Compatibilities of each Cogni-
tive State.
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High W. S. 0.24 (0.12) 0.16 (0.13)
Optimal W. S. | 0.37 (0.18) 0.13 (0.09)
Bad W. S. 0.12 (0.11) 0.36 (0.18)
Low W. S. 0.11 (0.10) 0.22 (0.11)
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Fig.9 Inference Output of the Subject A for
2-Digit Mental Arithmetic Task.
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Fig. 10 Inference Output of the Subject B for
4-Digit Mental Arithmetic Task.
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Fig.11 Inference Output of the Subject B for
2-Digit Mental Arithmetic Task.
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Fig.12 Inference Output of the Subject B for
4-Digit Mental Arithmetic Task.
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