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Abstract We can appropriately control our behavior by evaluating internal states such as confidence. Although
metacognition involved in strategy controls is mainly considered to be implicit, the relationship between it and explicit
metacognition expressed in confidence report is still unclear. In this study, we conducted a delayed matching-to-sample task with
acoustic stimuli which is hard to memorize and compared behavioral measures of implicit metacognition based on risk selection
with that of explicit one based on confidence evaluation. The results showed that implicit and explicit metacognition had different
effects on task performance but not on the behavioral measures of metacognition. These results suggest that implicit and explicit
metacognition share some common basis of cognitive processes.
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BEGEICESCY R7ERMOHET IND XA X R
DOAITENFERE S A X8 R B AR U, 8 PN 410 Bl 58 Al
BN MME A OMIEEN 2 Y A 7 BwIREFHBE LTS
ZENRHLMNE RS TE. IS O MNMEE RS R
inéiﬁﬁé’ﬂiﬁf FRAMCLEET ML NT
H[4]. ZZb, —BROICITR sl A D= L%
ﬁokéhééf%&f& S L BAAER 7o A X 3R
S LM AR ENRBE SRS,
T, ZOWMRETIEME L EHELBE L-bIT TiERnik
O, WHEOFEMZR R ERFHIITZ TV o Tz,
FIZT, AR TITETITEALAALTOM T vt X
DR ET R o7, WRENERFBE Y 7
FRICET2HERE2EFETL LT, VAZERICKES
W BEER) 72 A & GRS & R AE B REANIC L D BHAE 72 A
ARMEYVEZ, TNICLIBERBER I OX X

SOATEFEEE OBk % ik L 7=

2. Fi&

2.1. g ERE

s RN A o A & DR A 45 AN EHEBRE &
L. ERAME L CEMERRT 5720, Hxh ik
REBELTOAVERE LSS L Lz, ETIC

JIVE = OBBIREZEEL TWAHEBREN 1 40z
T=OkRA LTz,

sample delay bet match answer rating
5s 3.0s 20s 11s 10s 26s
selectable

forced

Fig. 1

Participants had to select one of two betting options, high

The structure of task paradigm in the experiment.

or low risk/return in the “betting” phase before performing
the matching task. The second sound had to be matched
(“match” phase) to the first sound stimulus (“sample”
phase). Finally, the participants needed to answer

confidence about their matching response (“rating phase”).

=R
AHFFETIE, FATHIE[S] & RO F R < H 5 &5
LHETO2FEBEOSTERWEH N, FHIE8HET
BRI TR, 1EH7Y 625ms, b ERND/LD
TADIEZ 10 ms DFF 500 ms Tho7lm. FFITEARM
WE (FO) 25 440.0, 493.9, 554.4, 622.3, 698.5, 784.0,
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880.0, 987.8, 1108.7 Hz (&4 TD A4 75 D#H6 £ TD
EEFRLEXIE) THD 6 >OEMIEMS (-6 dB/oct.)
DONTFNNEEGLTNEZ., 8 TDI LB EHREDE
@ FO X 698.5Hz (F5) & L, AL DEF D FO 1T A4
NHDH6 VD T U H MIER SN, BHORLIEEES
EFErarvira— AT 50, EHHT FO OES
M2 3 ke A FEZITTREL WD b O B
SRS L, HFHIMOELE XHEBEREOMIMES 0.6
UTFERDEIIC L. ShEFIZEH & CJE RS
=D 3HOENLMR-TEY, £FMN 39.7ms D
#2500ms TH o> 72, 2T OF R I MATLAB(R2014;
MathWorks Inc., Natick, MA, USA) % fH\T, 16kHz @
P 7V L— FNTHERLE.

2.3. ERFIR

FATHFFR[SITH WO N U 2 7 IR & £ - 7= T
AARAEDLEHREEZ L L EE1T > 7= (Fig. 1).
%17 1% sample (0.5s), delay (3.0s), bet (2.05s),
match (1.1s), answer (1.0s) B[ Tk STz,
B ERF 121X match RS TR RS SINZHBHETH D HF
B3 sample BefE TR R INTZRAAFETH 2 ES &
—H L TWb 0%, answer B¢ CEA KA F — % i o
THEZETHE5ERLE. RANBOREEZ2IET D
7212, delay BERE T E ST AR L2, HORITT
1L, answer B¥PE DRI D bet B¥fE Tong U R 7 /Y X —
Frhide -V A7/ VX —vDEE LA ETRAS
— %Mo C®INT S L 5 HR L7 (selectable 5:1F).
U 2 7 BRUX match BB CH B Z B < ATIZAT 5 729,
sample 2%t 3~ D ER R LB R EIC K S\
A7 EREZTDIMLEDIH 72580 OFEORIT T
bet BEFETOEIRE N ANA VR /Y Z— /@1xo@z;
Thbh, TOBREZEIZRTNE RS- T
(forced §51F) . forced M HED IEZA R N6 U X 7 2EIR
WCIRTFLABRWEZRREZRDO D Z ENTE, HEESOR
WAL T 2AOEBEERIATE D, WHREICILHREICE
ETHLTHRLNLIBROGEERKIET D XD HE
R L72. bet BERETANA Y RV /) X — U BEIRL T
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BV, n—Y R/ X - ERR LA, EMT
NIET1RESTE, REMThLoTHERE KD N
Sl bet BETAR X AT ol HE I NA U R
7/)57 /xﬁié’ﬁiﬁot.answerﬁxﬁkaf“lﬁl%bf:?&,
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j’El/T L.
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HOW U R 7 ®INEIT D risk FHITMZ, bet B
THEM R A ZRBAICE SO HEEEEIRZITD
confidence 5§ % 4T - 7= . confidence §: 14 T D E Bk F g
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X, BBRE T T DBORANE & bet BEFE 2 R\ T risk
S & Al—T&® o> 7. confidence FffTlx, AitE N
ERRALT DL LR, sample # Z L TV 5
HERHLINE S »E ETFTRAIF—TERT DL
~LTZ.

ABEIT 6 By va TV, FEyiarix 24 R
1TTHo7-. risk 51 & confidence § 14 T D 55 Ak #E
BLOAZRBAOITENEE O L2 YERE N T
L7, ENENOFELAIGYEE Y v a » THR
FIZEID Y Tz, BRI, RERREIC X DR
KMDIEEOD T =T A WD 2D,
confidence-risk ## (n=15), risk-confidence #¥ (n=15) ,
risk-risk # (n=14) O X HIZHIV YT, BIRAALT
AT DO, Ky varyTIoOY) A7) X
—r OBRIZ ORI ZEHE LR &) BRE I
RLTz. EHIT, answer X TOIERD Sin (4D
KHI% —) 1% Gellermann sequence[7]IZ &S W CHEES
IZHI D Tz, MRIZEBENTOEREZMEL, FEBRP
IEMRI DNV AT a—FEER Lz, ERIIETHE
ETITV, HIPLHE/RITIX Presentation (Neurobehavioral
Systems) ZffEH L 7-.

2.4. FRAT I

£ W BRAE D risk, confidence §:F TD A X IR DOITHE)
BIE % E&{Ld 5 7=, adaptiveness index[5]% FH L
7-. adaptiveness index I selectable §xff & forced 5cff
TONA Y AT /) B —BIRKEDIEZ R D A5y TE
FENTBY ,bet BRETORRN A ZBMESNT
WD ERELTWVWD., 2 TOHFALEIZIL Bonferroni
MEZ L7exind vt BE £ 7238 RE N o B

(ANOVA) #AT72 o7z,

LR LEERE
3.1. E& =

BAER) - BAEM R AR L D IEEROE W F I
W D7D, BRORRIEHRERT L, By
VORIBYEIEOEEREH M L (Fig. 2). Z Ok
RWBRE Xty v a V TCRAEERBPAEEMET TH >
7= (F(2,41)=2.77, p<0.1,1%=0.02). FAMBEZ L7zt =
A4, risk-risk HECOHLEYy v a VORIF¥XDODEZERLY
B DO IEBERNE D> 1= (1(13)=-2.40, p<0.05, d=0.64) .
AT risk R CIEHARERERKRICT D LI ERS
Ni-72%, confidence SefFiClt NFRBICEHHR LT
20, EEXEENER LEZARERS S, KIZ, RO
B80TV RA7RIRIEOREREL BT D
-0, BMEHTL, Tyl aropigEle, U
A7EIRTE TOEEREHEM Lz Z A, 3 HRET
DEMRELLORAEEMR TR LN -2 (Fig. 3,
p>0.1). VRZEIRMCIEZFRIZEN 2L, HRED
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Fig. 2
session. Each point and line indicate individual data. *p <
0.05.
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Fig. 3  Boxplot of accuracy by participant groups,

sessions, and risk options. Each point and line indicate

individual data.
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Fig. 4 Boxplot of confidence by participant groups,

sessions, and risk options. Each point and line indicate
individual data. *p<0.05.

fER, EEOTHREFREEXEL Yy a v TIR
RAEAEHBE D 547 (Confidence: F(1,41)=22.21,
p<0.0001, n%2=0.11; Group X Session: F(2, 41)=5.74,
p<0.01,n%=0.04). T EE LizL Z A, risk-
confidence FED ¥ v ¥ 3 V% -8 X O risk-risk #FE D&
v ¥a VHETPE TR/ GREEDEERDENAEIC
%V, confidence-risk FED & v ¥ 3 U REIH TITIK/E W
EEDIEEREOENEEMEM TH - 7= (risk-confidence
& latter: #(14)=-3.17, p<0.01, d=0.82; risk-risk & former:
t(13)=-3.01, p<0.05, d=0.80; confidence-risk & former:
t(14)=-2.02, p=0.06, d=0.54) . BEfEREE O L& & D
confidence Sk CIEZ RN E Mo b, HIRIC
Lo THEBEFHMEzBRIFLI LT, HEIZXHTD
BEOHMEEZ LV EMEICTFM CEZmEERd 5.
3.2. AEAR

IETERY - BIAERY 72 A 2 BN & 2Bl o & W\ %
T 572010, BREKEI L, By a roORi%YE
TLETCOEFMARERH LR (Fig. 5. To/E, &
v¥a YORIBETEDRIBD 5Lz (F(1,41)=7.08,
p<0.05,72=0.04). FHAMEZ Lics T A, risk-risk #f
Ty va  VHMOBHBROENFAETH -

(¢(13)=-2.71, p<0.05, d=0.72). confidence 54 T 5
REBHETEDLEVSLHRNEINTE LT, risk 5
HTEEHBERERRIET DL SR LD, HA
BRARADEDICEVBBEICERA L2 L E2REBLTY
5.
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Fig. 5 Boxplot of score by participant groups and

sessions. Each point and line indicate individual data.
*p<0.05.
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Fig. 6 Boxplot of accuracy by participant groups,

sessions, and confidence. Each point and line indicate
individual data. *p<0.05, **p<0.01.
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RI2EE2EHLEEZA, 2 HNTOEHRE &
ORHEERIZALN o7 (p>0.1). THITEEN -
BEMN R AZRMEL L TH > T IEHEEE OB M
DEALLRNZ L EZRLTWD. 72, BT L,
bty va oI L ORBENEEELREE L L
A, 2 BRTOEGRBLORAEEMTA LN
o7 (p>0.1). ZHIIWEER - BERNR A ZFRAMLEDL
HThHho THEMGEORIZEMMmMAEL RN & &R
LTWa. iz, U RZEREERBOMESEOREGRNE
ERARDE0IE, HBRERIL, Ty a roRi%E
TE,VATBBRT L TCOMBELZHH Lz (Fig. 4),
ZTORE, VA BRTCEDEIRD b
(F(1,41)=11.86, p<0.01,1%=0.03). T HE% L= & =
7, confidence-risk #EDO ¥ v g VBT VU R 7 &R
MOMWEEDOENAEE TH > 7= (1(14)=-2.90, p<0.05,
d=0.75). ZDZ &nb, BIER - BEMN R A X B L
FREPHEEENIN L TWDAEENREZLND. L
L, AT CHNEEROSRIY A IV TN RRD
L THRBENEMTDIEVIRETIND D, Kif5E
WBWTHHBREH CAERENBD DN R N-T2 2
Enn, BER - BERN R A X R L BN #AEE O
BRICOWVWTIHIORIBAPMLETHDL EEL T
5.
4. Adaptiveness index
BER - BAEW 72 A X BT X D A X B OITEh I
BOENEZIBT L2010, REEZ L, By s
v ORI Y Z & T adaptiveness index Z F H L7~ (Fig.
7). ZTORRE, 2 BRCTCENRBLORAEEARA L
z}’LiNﬁ)o?‘: (p>0.1). ZDOZ b, BEN - BEMZ
ABINZE o TAXRAMRITE 7 u A EE

ﬁx&w:kﬁ%@ént.

5.%5¢®

AWFFETIE, BEMNR A ZRMEBEEN A Z M
DITH T BB RADBENEFARL-DIC, DHEHERE
J a2 AW TRBIE ARG DOEREEZT R, £0OH
B, BIENRAZBACESOTHREL TR TZEA
DB EZERNE ETHH00, BEM - BENR A
ZERHANZ Lo TAZRANRAITE 7 22X LR
u\’tﬁﬁﬁgﬁazbot. ZOZENL, BIEW - B
ERR AR LB LB T 22 Fo0
BN H D .

W
ARBRIEIL JSPS FLBF 2 19K14485 OBk & 1 72 b 0
Th5s.
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Fig. 7 Boxplot of adaptiveness index by participant

groups and session. Each point and line indicate individual
data.
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