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The Inference Method of Cognitive Working States while Performing Mental Tasks Based on

Performance-Cognitive Load Model

Shutaro Kunimasa*! *2, Kyoichi Seo*! *2, Hiroshi Shimoda*!, and Hirotake Ishii*!

Abstract — In order to evaluate intellectual productivity such as the efficiency of per-
forming mental works, several studies have been conducted where the operational logs
of mental tasks were evaluated. However, it is also necessary to analyze Cognitive Load
in mental workers so that the productivity can be evaluated accurately. The authors
therefore have proposed a Performance-Cognitive Load model which deals with both task
performance and Cognitive Load. By using the model, they have also developed the infer-
ence method of the cognitive working states which can evaluate intellectual productivity
in more detail than conventional methods. The operational logs of mental tasks as well
as pupil diameter and heart rate of the worker were employed as input of this method.
As the result of the subject experiment, the authors found that the feasibility of this
method so as to evaluate cognitive working states could be suggested and this method
could well explain the detail changes of their states. This method is expected to be the

novel evaluation method of intellectual productivity.
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Table 2 Inference Rules for Performance
If Then
No. | S.T. Variance of S.T. E.R. | Performance
1 High High High Low
2 High High Middle Low
3 High High Low Low
4 High Middle High Low
5 High Middle Middle Low
6 High Middle Low Middle
7 High Low High Low
8 High Low Middle Low
9 High Low Low Middle
10 | Middle High High Low
11 | Middle High Middle Middle
12 | Middle High Low Middle
13 | Middle Middle High Low
14 | Middle Middle Middle Middle
15 | Middle Middle Low High
16 | Middle Low High Low
17 | Middle Low Middle Middle
18 | Middle Low Low High
19 Low High High Low
20 Low High Middle Middle
21 Low High Low Middle
22 Low Middle High Low
23 Low Middle Middle Middle
24 Low Middle Low High
25 Low Low High Low
26 Low Low Middle High
27 Low Low Low High
S.T. = Solution Time, E.R. = Error Rate
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TIX20%D EERRD SN, TH5DX AT H KM
FEOBAP S MVWRAAMEZ GRS LEZOND.
U223 T, EWVERKIAR R TIRMABUX L FHRIZ I

NTHI 0% ERTHLHER, THE, = THR x 12,

THE e =THE x 1.1 LBE L 7.
2.5.3 J—ILERES L UHER

N—IVIZRIIRITBEYTH D, HiEmED 2.4.478
LTS B.

2.6 A - FEREHEFE

NI A=V AB L ORIEAN 2T U7k, Bk
PN EETEE ORRA - fEZeRBRHEE U7z, 8RA -
TEZRRBHEE T, MFEERBEVR L IZBVwTnwTh
DR T TH 2D L \WVIHIHRT, & 4REIZEDRE
ENDO)ET 7V HROBEISE L UTEHELKE. D
D, R4DEN—IVIZET BRI (If 5B) O AND
H=1MHH (Then ) DEEGEE, TNENORA -
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# 3 RAAMHEEL -V
Table 3 Inference Rules for Cognitive Load
If Then
No. | P.D. H.R. | Cognitive Load
1 High High High
2 High Middle High
3 High Low High
4 | Middle High High
5 | Middle Middle Middle
6 | Middle Low Middle
7 Low High Middle
8 Low Middle Low
9 Low Low Low

P.D. = Pupil Diameter, H.R. = Heart Rate

TEEEREOBIGE L U, #HEEMRE LTHAOLE. A
TFEH U727 =< v A8 L OCRMAMDIETH
D, 77V4MICIEENENHS(H) DA N YT
B W 7.

F4 A - ERIREHEE L — L
Table 4 Inference Rules for Cognitive Work-
ing States
If Then
No. | Perf. C.L. | Cognitive Working State
1 | High High High W. S.
2 | High Low Optimal W. S.
3 | Low High Bad W. S.
4 | Low Low Low W. S.
Perf. = Performance, C.L.. = Cognitive Load
3. FMMsRER
3.1 B

INFETITBRRENAT =< v A8 L OEAARD
FHUENMRETEDOAN L LTRYTH L0 %2H L,
IZARFIEIC K o CTRA - fEREBEHET 5 1T,
INT A=< VAT B & OCRRA MG 2 TH 5
LHERT A E2HNE TS, RFEBRTIKRHEE LT
RATHBED EFRIZ & > THERE, 28, 75—
R, BARS LML, ZOREE T +—
T YAV, RAAMHENT S EHELZ. D
IREDH & T, HHEDRLRDEHMD R AL % EEL,
BRMEPREFERIL I s THEI NN T r—T
A8 K OCFRRE M DB E % 572 3 D 2 fER U 7=

3.2 ERBME - RRRIE

FERIZTRL 25 4 11 H 4 H~21 HOMARIZ T 5 7=,
FEERSBMBZ B D 3.5 HiThRB A7) —= > 7D
RIZMED R P 5 2B T KP4 30 4T, @R ITOE
PHRERIZ IR DR I WMEH E Th - 72, FEBarhix
R A7 WO _EEED 525 + 50lux, FEERSINHE D
AREBR AT T D BREAS 400 + 50lux 12725 & 5 2@
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Fig.7 A Layout of the Experiment Room.

3.3 MEFE

DBMEHIN IR STV 7 v 7 WF58FT Polymate
AP216 ZfiH L, HEALEFHANZIE SeeingMachine
FaceLAB 5 2 U 7. DMagtllod, V7 7L
VABME &7 — A B A SRS NG O E R
WD, 7T TEMELEHS KO

DA U7z, FEERPOERSINF T 8 D & 5 12k

ZEED, FEERSINE OB AL A A Tl
WTELEDIIMTOEI B IONEZ L 72.

1

90

HBfilEcm
-F_L__W

8 EERSNE & FHABM DALE
Fig.8 Positions of a Subject and Measuring
Instruments.
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3.4 FERAYRY

R AT, 2.4 1THTRARZEMR A7 %2 W
2. IHIT, BPEEEBETSI12H720, KESE
LT 2H, EHSEL LT A2 HRM L. R
EOBEIS, WHEINEZ A7 TERI NS HAGE
KR, BRUICEZD2BFONBEMRET 28T OH
BoMThreErohd. £oT, AFETHWE
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RHIZ A7 13 [H U ETHNIIHBD —ETH B 7=
O, MALEREARIINE <2 Fy 7 THS. A
MR CE R ARBARIZ T2 Fryr v
I THBH0 P, EHGETIET HIBOF Yo%
PBELTEIHEDPEL TWEEEZONS,. Lz
T, BHGEIZIRKRA X 2=8 F ¥ I hEL AN
*ﬁ%%m ., REERE R A2, bRz
%%ﬁﬁ*aﬂﬁﬁ7i2%V/7f%é &
#b,7—2=5?%/7*ﬁ%%%tTé&z?#
PELW. Lo T, K2 x2=4F ¥ I QHE
ETBE2MEESLIF1I x2=2F v I nEL
T3 1 MIREEDEY T 5, 1 MR E IR A
MBEAMMETER LEZ N2, 2 HilFHEZK
HAER A2 L UTHW=., AR T, Z0 2 HHE
DHRBETENTNN T+ —< VA, BAAR B X
Al - R R HEE U 72,
7z, KEAT OFERHEMRMEIZR 1 ITRLUE
WO TH 5.
3.5 ER®R7OMIL
FERITERSINE 1 ANz 2 HEfr->72. 1 HH
D E 7 HRZBE ARG OKSE 2 RFEST 72O DAY
V== Thb, 2BEHTRAZ ) —= Vv T2 68
U 7= EBRSINE R U AR ERR %2 17 5 72,
=8 1B8E
ATV a—)VIERSITRTEYTHS.

K5 PFIHOERArY 2 —)L

e | P
54| WHLEWE (2 ) —=> )
104 | 2 MG - 4 HiRESE 2 2 2 ik
15 4 KRB - TR
&ak 30 9

ARFEERTHWEARZGHHT A T IE AT &> T
HHAKEENE LS ELIGERDH D, KZAH X
Y THAOBIEEZ L TWaEE, L WEHIAK
Y R BAREMEAI D B, T D X S REBRBINE %
HOoMUDEET B0, 1 HETCIEFIZEAE .
oYXV TELPMER L. FHIlT S —AV
U2 EBRSNEIXZ @&%f%ﬁ%ﬂb%@,ﬁ
ARG HERR T S 2 EBRSINE 2L, KT 2
HEZITD 2B KO AMIDBEE X A0 %% 5 5
Sz, A7) —= v 0% fTo7-88, 1
HOERBINBEIZEVTELVEHIT 5 -2
SN7z720, TOEBRSINFITZ1HEDOADS
Clolz. TOHB2HBIZEMT 5 EEBROIHZ2

TV, 77— MEKBIEL, 2 HEIZHETHDHE
ARAFA R Y H DR Z &2l A S 7z,
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EER2HAE
QHHDEBRA T 2a—)LIiZHK6 D@D THAS.

*£6 2HHOEMATY a—)L

Ft BEIRF ] Ipa
10 4 ML - B LT R aY
14 1 My SN
145 R=2AF A VHllE*
37 finger tapping*
143 R—=2 54 VHlE*
10 7 RAT AX*
55 NASA-TLX
143 R=2F A VHllE*
10 43 R AT B¥*
59 NASA-TLX
543 HE PN

&El 52 4

o AR BRFR AR
o ERUREEHIB KO X 27 v SR

WEIZFEIHR ST WD k] % ) (%, s’
AEEE A, BB L O R 2o
O JEEEToEHTH S, RITDXAZ A B
XUR A7 Bk 2 iR L AMiFE OV TN T
DY, EEFRDOH TV R—NS U A% b720
WEBRBMEIZL>TIT VR LIZEDIRY, XA
7 AD2MREE TR A2 BO 4 MHREED 27—
T ZDHDEVIRY DTN —T DN ZENT
NEB, DFD 15 NMIRBEHOPTFELE. &4
AT #1757z NASA-TLX 3R A7 12ht4
BEFNR—a URREMER R EIZBT 2 E 6
LT 5 [26],

RN—25 4 VHIETIE, H3DX A7 EHEIZH
FORDLYIZ T+] 2#ERUZ. EBRSIH I,
[+] OFLEFEHULHEICRO LS BRE S A
72, ZOL EFIENE NS L OMEE D
A TNZE, 2.5. 2 TR TPU | THE
U7,
finger tapping (BAREIX X v ¥ 2 7 LG0T 1dHE
BIMARX A ORIBEA A2 & UTEHA L. Xig
R A2 % FE MU 7 AR, 2 22
EIFROECHOB E R ENSELET—F 77
2 N DSFRENA ST HEE DFEFI RIZ T B L MRS
510 THD. LizhioT, TDRATZTONY
BB X QAR T — X % 2 M5 s KO 4 Mg
LRI, fRfroNERE UCEHHILAZ. 2y
L, 2.4 1 THTRRZZHEZ X7 D% 1 K
UK H UEmZRR L. 2O, EBRS
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EzE TRIOERETE2RTIC [El KRV
WL, FHEETITT VR LR 1M OBT % 5
U,TE] RZVE2HUTHEET D] &5, KW
B ALY T 53BN Tavr 22 hE U IIEE%
19 &K58R%E5 A 7=,

1 HiRE RN, SRR LIXUIER S
LEBMBINEDEFN— a3y EAD, M4
THERERATABIVRAZ BARETSLI L
EHSTODDODXI—RAITHY, ZORDEXR
207 K OEBREIZES U2 h - 72, [k
EERTRIBIZUIELIER SN EFR=—Va v
FRIZEBHERITBHET -, 1HHIZfF- 72
FEERSHTIX 2 HHOERA r Y a— e LTH
6 TiE<, ZoxRD [FHEFIO /AL HEOH]
215 3D R AT CEMMEMINAREHNT
HHEIT 7. ZO2HHOEBRTIIX A BE
FUNASA-TLX K THIZ, RAZ ClIXI—X
AT THo1-Z L RHHAL, XA 2EMETHE
BRE&T L.

4. R

2 HEHIZSMU 7ZEBRSMED 5 5 1 4005
T—RIZEERRE SN, 2 AHPEBRAIATAR RPIRA
EHATZ. LEOBHNSEI 3 ZRE, 214D T —
R B RE Uz, REXAZI281F 5 NASA-TLX
DAYV RILVT =70 —ROKER%ZR 7TIZRT. NASA-
TLX DA VALY —270—RiIZNOH 5 t MEZE DT
PRER, EEESED SN (p<0.001). DD, 2
DDRAVIIRL 5B NEAME 5 A5 TAEMTH->
rEZOND.

£7 BRAZDNASA-TLX 237
Table 7 Mental Workload on each Task.
SEME (FEHE(R )

2 Wi 4 MR
55.2 (9.3) 64.1 (7.0)

ETOEBRSNEDE R AZIZDONWT, NTH—<
v ADREE (AR, 2B LTI —%) OF
YoMl & B = % R 8 ITRT. SRBEIZOWVWT, 2
MG FENF-4 MG INAE TR O H 5 t ME % h 1)
AR, TNENTEEE RO O (ZhEh
p < 0.001) .

RAEA O EE (B, ) 2R 91TR
T ARMEAMOEMEIZOWT, &X AT & KiEL
U TN 217 o 4R, WARETIE F(2,52) =
24.90, MSe =4.45x 1072, p < 0.001, OMAETIX
F(2,52) =8.85, MSe=09.18, p<0.001 270, &

FEE L B IR AT IZE AR DSNZ. T 51T
BREIZXT U T tukey ZEMEZITo72. FERD T
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Z7&FTNENX9, K 10ITRT.

X8 BAAUORHME (RERH - 28 - T
5 —k)
Table 8 Each Feature Values (Solution Time,
Variance, and Error Rate)

SEYAME (RRUE(R 22)

R | 2 MR 4 HilGHE
fREHER | 4.13 (1.33)  11.24 (2.80)
H 1.03 (1.06)  10.72 (8.23)
T7—% | 381 (3.08) 16.27 (12.65)

x99 BRAIORHE (BALE - DB
Table 9 Each Feature Values (Pupil Diame-
ter and Heart Rate)
TAME (e (%)
R Ryvvs 2 HiEHE 4 g%

BEALPE (mm) | 3.87 (0.44) 4.01 (0.47) 4.24 (0.55)
DML (bpm) | 73.8 (13.0)  75.09 (11.7) 77.18 (12.5)

* %

——

B FLE(mm)
w

= N

o

AyELY  HIIEE AMTREE
* :p<0.05 * *:p<0.01

9 BRAY T L OFHEAZREE
Fig.9 Means of Feature Values of Pupil Di-
ameter on each Task.
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AyEVY  MTEEE  AHTRRE
* :p<0.05 * *:p<0.01

10 &R AT T & ORI
Fig. 10 Means of Feature Values of Heart
Rate on each Task.

NT F =~V AMEDRER % K 10 B X ORA AN
WEDHERZR 11ITRT. N7 A=<V AHETIZDON
THDOH B t MEZNIT AR, BEENZD S5SNI
(p <0.001). %7z, BEEMHEEIIBNTXY LV,
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2 MG B L O 4 MR 2 KL LTI 217 -
7AER, F(2,52) = 26.42, MSe = 0.01, p < 0.001
Lot

£10 BRAIDNRT =< VA
Table 10 Performance on each Task.
SEYaME (RMEfR )
Kt 2 MG 4 MR
NT =X VA ‘ 0.71 (0.21) 0.33 (0.22)

K11 HZA7ORMEM
Table 11 Cognitive Load on each Task.
STAE (e (% )
Zy¥rs 2 HilEH 4 MEEE
RHIEAT ‘ 0.38 (0.14) 0.46 (0.13) 0.58 (0.13)

I 51T tukey ZEMEZITo 7245 RD 7 72K 11
IR

1 %k

* %k

EREIh=Ri

AYELY  4TEEE AR E
* :p<0.05 * *:p<0.01

M 11 &RAZZeOFERMEAR
Fig.11 Means of Cognitive Load on each
Tasks.

WIZ, HBRKl - fEIRIBIZ D\ CHEE §5 5 % 214 L
Tz BRA T DFK - FEZERFED YIS E 2 K 1212
R TNTNOREBOFELEIZDOVTHNDBD S t K
EERIToTAER, TRTCORETHEE (High W. S.
IZBWT p<0.01, ZTOM3IREIZEWT p < 0.001)
MROSNT-. F7z, FHEOHIE LT, 2HDER
SN A, B D 2 HEE S X OV 4 Mg E R0 ZH -
PEEIRFEHEERE R 2 B 12~ 15 1Z/R T,

£ 12 KRR ORH - (ERIREOFIFEISE
Table 12 Compatibilities of each Cognitive
Working State.

FYAE (BRYERZE)

TREN - VEZEIRRE | 2 MG 4 MimGHE
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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10 | High WS Optimal W.S. Bad W S. Low W.S. | ]
0.5 -
0
0
B il (B
B 12 FEERBMFZ A O 2 HilEE COHERER
Fig. 12 Inference Output of the Subject A for 2-Digit Mental Arithmetic Task.
[ I I [
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0 //
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13 EBBMNH A O 4 HiHE TOREFER
Fig. 13 Inference Output of the Subject B for 4-Digit Mental Arithmetic Task.
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BEThH, TNETNOHEFEDOATTE LTEYTH
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UL, B 10 TR U7 tukey L EMEDFER T,
DMABIZ B W TRy B v 7 L 2 Ml EMICERZIZA
SNED o7z, EHEEICEME N T EX AT EHW
EBRTIEaY bV e X AT OMABOAE
ENRADSNTNWS LTI 3 =N & DIFRTHW S
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U E&b, AR AR Z KT 2 TlEdH 5
DAL LEAREE AN <, RIS VAR
DDB55MTOARERBRLMABD EAPR NS &
ZAoNb.

5.2 HEHR

NI A=V AHETIE, RATHHEIZ K B8
7 d =V ADEFHDED SNz (p < 0.001). FRHI
BT TR & 0 2 A2 ORIEIZED 50
(F(2,52) = 26.42, MSe = 0.01, p < 0.001), X 11
TRTEY EX AR TERENRDONZ. Thb
DFERIE 3. 1 HiTIHRANTABE I > TH D, REFIE
DHEEFERNZYTHDZ L2 RLTWVS.

FOH - FEZIRBDOHEERE R TIX, X AVHGED I
FAZH > T High W. S. 8 LU Optimal W. S. 1&i#)&
BEHMETL, Bad W. S. 8L Low W. S. DEIGED
ERTEZ VoMo KT, Optimal W. S. TlE
2 M B £ O 4 MBS TZ NN FEIIMEDY 0.37 B &
0'0.13, Bad W. S. Tix*NFHn 0128 £0°0.36 &
HIDIRFEIZEERTHENKRE V. o T, EBHSETH
TULE N T o —~ v AERFEAS, S#SETH L
WUAR N 7 o —~ V A@ERFHEAMTH 5 2\ D HEHN
WMEZENTWBLEEZD.

5.3 A - FRREEB ORET

FEEEOHEERE RN TH 5 EHRSINE A B L OER
S B OHEERE RN 55 2 o1 S EERERRA -
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I I | I I
1L | High W.S Optimal W.S. Bad W S. Low W.S. | 4
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0 . 4
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B P (FD)
14 EBRZBMNEH B O 2 HilEHE T OHEERE R
Fig. 14 Inference Output of the Subject B for 2-Digit Mental Arithmetic Task.
I | I I I
1L | High W.S Optimal W S. Bad W.S. Low W.S. | i
0.5+ .
O |
0 100 200 300 400 500 600
BRI (D)

15 EBRSINE B O 4 HilE5H COHEERER
Fig. 15 Inference Output of the Subject B for 4-Digit Mental Arithmetic Task.
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& ¢ Optimal W. S. 2MF X9 R T OEZERHE THENL
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HeEARERIZHEDNWT, EEADOEFZMETH L VikA
NaREL 5. BIZIE, X SITIERERHFEVER L
TWED, O ORK - fEREBOHR IZH D E 725
URREDRA IV T2 RET LI NEG LR 5.
EEBBME A D84, Low W. S. ¥ Bad W. S. ®
Y- hAEDONBEEIEEH S ADI L, High W.
S. DMEA;TH B RMAE WK (F1 21 100 #~250
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B 13 1IZR U2 RIERSH A O 4 iR O #E
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—
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EFERI, 2HIEEOLE L1384, High W. S. &
Bad W. S. BMENLTH Dk 7030025, £7=, Al 100
~200 B & O 400 #~600 #Tlk Bad W. S.
DHNPTLLE->TWBAR, TS DERHETOIREE
BERICEHT S L, B eB¥ETBad W. S. DAL
TR > TV B HREENE Z 5 b, BTl
W2 Bad W. S. R BWVWHEHINEEZRLTED, %
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Bad W. S. D¥— 222\ T, 400 FBARTTIZ High
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ERIZE->TBad W. S. NPT o/ FEX
Lbhd., I5I1Z, TDHE High W. S, b REIZEY—72
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BBINE KR AT Z L Ty 2y REE2 XS &
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fFEhseEZ2ONS.
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JTHY, FOMERX RERHZ A7 K BE7Z1T
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