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Abstract

In this study, two studies were conducted to examine the differences in S-F failure and brain activ-
ity characteristics between individuals with intuitive and analytical thinking tendencies in stock-
flow relationship judgments. Study 1 compared the differences in the occurrence of S-F failure in
stock-flow relationship judgments between the high and low subgroups of the Cognitive Reflection
Test (i.e., the Intuitive Thinking Tendency and Analytical Thinking Tendency groups). Study 2
compared the brain activity characteristics of high and low subgroups of the Cognitive Reflection
Test in stock flow relationship judgments. It was found that a higher percentage of S-F failure was
found in the intuitive thinking group compared to the analytical thinking group in the stock-flow
failure. The right inferior frontal gyrus (IFC), dorsolateral prefrontal (dIPFC) and frontopolar (FPC)
activation was significantly higher in the analytic thinking tendency group than in the intuitive
thinking tendency group, which inhibited the use of the heuristic system and thus reduced the oc-
currence of S-F failure.
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e 2 TR SR, B S BRAE R RZ T I & B (FEE) IR R AE BT IE2 B T IX R iR 3 5L
KT A A A VA BORAE, AR T AMTARAESIHERE M EEt. FE2MaE 7 S-F R
FLA e PR A P, R R TR A7 R A AR (Kapmeier et al., 2017; Ossimitz, 2002), i &4 it
KT “RM” FHEEIEHE, S-FEIRKAR S KA (Newell et al., 2016; Pala & Vennix, 2005).

ARHR B IR AE 55 1E S-F A5 FUh it ST B T2 R (1 1) A2 - 230 30 23 ik N AT ES T (1)
A AR IR B Z AR QL~Q4. o, FEANRME MR MR EN “WAE S, FEAE A
R E R R A GIE AR TF AR i RN “Gap X7« WFFL RN, 58.3% i\ N 8 BN
N %, R EE N EE: 56.5% I A 21 /B ABuR /D>, RS AR Z T
W AH o R SRR E A7 Al AN — B R BN R KA It e KA B i e KABAE A7
= RBE, & S-F AR AR I (Cronin et al., 2009; Fischer & Gonzalez, 2016).
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Figure 1. Mall customer flow scenario
1. BmERERR

S 2 S-F SR B i) s e A 7R BE S5 S TR E R R AW 1) S-F B
®, S T ERERIETE R &K BL(Brunstein et al., 2010; Kainz & Ossimitz, 2002; Dutt & Gonzalez, 2012). #f,
Stocker A1 Funke (2019)HIBFFTRAE 1 8 100t — S0 BRFIE O 40 TR 1 1) P10, T At iR 40 T 1 4 )R
JErh AR B B M 2R E (15 2(a)), E HAPBE R ZL . B A E 2 R E (SR ER), A4,
2(b) g ) b 2 R HERCE 1 IR, (H A V2 4 i IR 2 20 (A B ;R 2R B e, R B A A T 1%
HRHESCE S KRE T Rk & ERUEIRIE, BRI TR,

BTN, S-F ERI AR T AR 7 — Mok A7 5 5 5 (6 S VTS 0O B U 8, XM
ORI A RS & (Cronin et al., 2009). KRIBCE KR IBTE R R AW+, BEESRERIE
FRK R, WHHFEEZNS SRR A AT S B0 W w22 1 B e . TER T LB A
AP BB PP A TR A MU N ISR W 2, DRI ORI AR R X — RS [ YD (robuist) (1 0o B AR
CEWRESS, 2018)0 JKHKE R A M AR AE A 2720 & R T H LA SR PR R, AT ASE P AN TS
2 ) R AT HEEL . A R AT MUID T FR 8 H & (Weinhardt et al., 2015), A NIREE)E & 35 2 K T B
B, FATI T H D T B R, A G HEGE AR D B OB BER, RN E B, RiE i 2 AR . BT
KW, WERE R T B - i BB AN A 4R RRE (Stanovich, 2009), T R b R4 A ) 74
RAEAE R B HIWT 55 I SO AT LRI, Wi T B B N 5 R A S-F Hiw, MTUER 7 5CHK
J& & 3 B S AL EFIE (Frederick, 2005).
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Figure 2. (a) Atmospheric CO,; (b) Drawing error for emissions judgment (red break line)
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2. B3R la HEMES AR B RS RRERF|BTRERIRA
2.1, #i

FAZE R BV R AR E 173 (534 100 44, &4 73 £44), “PHY4ERY 21.36 % . #R4l CRT 5401
B R 20 5 1) B B UK 540 1] 23 A7 28 XA (Corgnet et al., 2015), CRT 1343 mi T A BN 1) T
ST RIXAG 2, CRT 18K F A B0 R T B R 4. AT oYy B IE S hnskess, FEEss s 3k
15— 5E IR -

22. M8

1) AR RS . T S-F BHRIE L. Seedediae s iy i A\ It & DY ) £ 55 (Sterman,
2002), HAE 4 DHEE(A 3), Q15 Q2 BHEAAXEILHI AN SE#, Q3 5 Q4 HENMAMFES
R R AN WRPE DU R, WL 3 B T 2 B3 28 45 2. (Cronin et al., 2009; Sterman,
2002), Z#ik Q3 5 Q4 B AIN G LG H.

2) INFI B (CRT) . FH T3 B R B AR 70 B BRI gk 0 2. SR Toplak 25 A(2013)
it BN SN -EE AR AT, REIE RN IERIC 14y, BRI 04y, BPNO0ET 5.

2.3. SCIgEt

S FH B R 25 1 7K P A0 RUBUXURS : CRT 4320 CRT & 4 4 bl st ) v i, PRAZ & 9 DY i) 4148 Q3.
Q4 [51 25 1) TF 1 5 B 5 R AT R EL A9

24. SKWERF

Wk et AT BRI B DU AR 55, B AT ORI S B XU I, B B AR . 55 5¢
JR I TR I R TR B A

2.5. BESit

Q1 5 Q2 HHANMX KL AR B S B, NmiktE @i , W penCR IR, WAy H A 2R e
SEUFLEGRE, MELEdE. Q35 Q4 BEMNFE SMEXRAMIM, Polma s I S-F #
RO EEGFREE N E) . IRIEEEA ETEREA R HROME S BAE S-F iR, WA R .

2.6. &R

2.6.1. FRMGITHER

1) B (CRT) 45 51 e gk 40 4

AR CRT 341540 4.53 £ 1.62 43, A%’ 5 4, Cronbach’s o= 0.71. R4 H A7 20k itk
17k 57040, CRT mireH3t 72 A, 15 41.62%, CRT /M4 XAEZHIE 51 N, 5 29.48%. W5 Wifhsr2H ik
B CRT 3 /3 AT MO AR A tRE 50, 25 5 K I CRT AR/ 4R CRT w43 A7 (E 2 7 . 3 (t = —20.63, p < 0.001).

2) VUAAT55 matiR G it 45

MR Q1 A Q2 KA RIIHEIA 59 N, Q1 5 Q2 4 1EHf I Z ki3t 114 A (i) T B 5k 2 XUk 2H 3t
64 N, ME T2 R R ZH3E 50 N), 5 92.68%. Q3 Fil Q4 [ IERERAE 50% /47, #il & B AR 1%
KAV A AR 8 2B AIEE 17 3 %1), & 57%.

2.6.2. CRT &4 - R4S S-F $EIRX
AN TR 52 8RR P A A 288 AL AR 00 A L5 1
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Xt Q3 A1 Q4 7 AEAT Rk K, iR RILIR Q3 Ikt Q4, MIRPSRALA M AIIfAE 8% =R
CRT (& 41 H B S-F AR A LU 225 5 T CRT im0 41(7 = 20.90, df = 1, p< 0.001; * = 20.32,df = 1, p <
0.001). AL, CRT pe 732 RV ECUE 1L B AE BT (At S-F H R R B vy

Table 1. Distribution of responses in the cumulative variable judgment task for subjects with

different cognitive reflection styles
1. FREPAAR BREHHREZRRTEFIES P EFERN DS

it AU 3 A AR XUk
R S-F iR R S-F ik
Q3 24 40 41 9
Q4 19 45 37 13

3. iR 1b BFIES AR ENIES RIRTEF|ERZEN G
3.1. #ik

FHZE RV R EER AL 217 (54 119 4, &4 98 44), PR 21.71 4. Frawl B HIES
INszn, AL H G IRE— RIS . ARIE CRT 484 09 A BB R 2 i ) T 49 17 28 XUk 546 )
T H 3R XM (Corgnet, Espin et al., 2015), CRT #54r& TH AL ECA M B XS Wi 2, CRT KT+
PLECHE SRR A 2. BT MR BRSNS, AL a3k — E IR .

3.2.
1) BURRAR & W7 A AT 55

(SR T PNIRAON)
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i 1] (434

4. AT I AR LR K300 BB IR S B AT B0, RS e 4 L )
B 3% o Bl ) SR AR T R M TR MR AR I 25 5

R B B

0 2 4 6 8 101214 16 18 20 22 24 26 28 30
I ) (731
WIRIESHARR B B B R, WAk TR, D
Figure 3. Drawing task
3. EEES
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9 i N AL R PR 45 A R SR B AR (Cronin et al., 2009), #0E 3 Bias: MR =580 Mk, JHAR
RN ER, RE R E R 3 BRI, a0 “LEEE 1 Zpbik, NS RS TR A
NBRFRZ? 7 .

2) GBI (CRT)

[ 9T 1a.

3.3. SEREEIt

At e NS b G 7 8 P 10 = R €0 < S 14 T e o A e DR S TE O R T M o1 5 e PR Y <
I BAESS B S-F AR r SRk A EL ]

3.4. SLIIEFF

ek B et AT RV AW 0 ARSI, B AT AR B U IR, BRE AR L. (F
55 58 BRZ e TR R U I AT a6 1R

3.5. GRS

35.1. HWRMGITHER

1) A BIR(CRT) (3R M Gt 45 5

H R CRT ~FH41550 )9 4.76 + 1.63 71, RIEP A HCK i T IE 5020, B g H 3L 79
A, 15 36.41%, TR ZHL 81 N, b 37.33%. KA RS IR CRT 7520 BEAT JHSLREA t K56,
45 TR I B8 B R AN o AT B RS A3 0 A7 AE 22 57 3 (t = —22.8, p < 0.001), Zr4HA3 3K

2) EEES IR TS 4R

T o R A A AT S b, BRI ER RS R 85 N, A R 132 N, i T B b A S 4
S At 54 N, T2 A AR A R 78 N . SRt A R T L A A e Rt
KA R IR T F BRI B B AR AU AR A B 5 15.52%, K AR AR A
HPILM) Y 24.14%, BIHIL S-F H#HR3E 52 A

35.2. INFIR B R REAE BRI ETRERNRIE
A RIS SRS R A A 1 A 55 r (B 3 IR ) 3 A1 LI 4.
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Figure 4. Bar graph distribution of right and wrong answers in cumulative
variable judgment tasks for subjects with different cognitive reflective styles
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AT R 77 K0 5 SR R I PR AR S SRR B R AR R 22 5, B 2R XU Atk HE A R A
i 22 B 451 2 2 5 T 40 B XURS R (° = 60.31, df = 1, p < 0.001).

WAL 1a 25 R B DY I 25, A0 RSB XUk ot B2 AR 52 ) i 22 PR SO N 35 o T D 2R L A0 ) )
R B AR 22 1) L A8 S 2 s T o0 e B SE 0 ik BT Lo 5 SRR BA i AT 55, A JB XU X B
A T 22 PR S S, 00 T i P45 S DA A S B R A6 [ L 2 P A 4 B 2 ) B R AR S
fZE. ARWFFLE Weinhardt %5 A (2015) 5090 a (2EAE 1, xofim EESS3047 7 ks, #2735 00 T4
MY, A6 S B XU BT AR B AW 22 FeoE . FASIRRANA . B AL AT v R 4 L 23 AT
P AT e () 4 AR T SRR AR B P T B R 5 A

BUM T FRR N B BAMA BT A R 40 | BT AL, AR R4 10 3T AEE 3)
T, PHUkRTs ERESA R R R Hk, fEEEUES T, RS GE  fANA L Hr  E E
) B A4 B RT REASE P i3 e xR 4 AT 5 B3 R ARV B W i 22 o (FLR AN [l L JE IXURS B MR TE Al R AR
A WSS, AT SR A Z 5, TR T ERF I8, A 2 XA ) TR T

4. 5 2 VAR B R RAEBRFIBTRERIWAT INIRS 5%
4.1, #ik

WHERS IS — R K EAR 65 N(F4E 30 N, 4 35 N)FPI4ER 20.75 5. Tl
PRI AARITF, TR, BEBES I, SR T GaTE S A F S, SR ss R e R —
SE IR IR o

NT HEIF I CRT miar 4l CRT &/ 270 H Wik 72 o (i V5 SRR AIE , JEHX CRT =20 41 25 A IE
RILF) 90% Ik X CRT {404 S-F £ R IAF] 90%H# ik, L CRT M & IEM Ik 5 CRT 1)k
S S-F BRI B DX (0 2 e e o B ) T B 2R XU B K R R T (22 ) S )
T3 BT Y KRS R ) TR I W (17 )R PR Rl R e S RS 1) B AR e i A T i A PR B (3K 39 ), %
GV IS B JRURE R 2R R AR 1 D 52 Tl 4D 3 B AR AE o

4.2. REG &

S B ACEE By 4w AR B D Re AL 20467 I R A (LABNIRS %45, Shimadzu Corporation, Kyoto,
Japan). 1Z{X#EE 780 mm. 805 mm. 830 mm =R KDL, A& Beer-Lambert WIS E
KRG S J2 I AR P (R AR A A AT s R ok ZEREAT FNIRS S, L3 m 16 420 I 20 25 p9 R i 4L 41 2K
SXoF AN TR 38 PR 8 PR W SO RE R R FEE A ), T S0 6 12 DX 3 SR it 20 B 1 R e 4R i 40 28 Y AR BB, T ]
DL SE IS i 48 7K P e %

4.3. #§

431 RRTRBRENMEES

NT ARG, BN INIRS (R AR 5, X AG DT AT T80k, W EmIE RS,
FHREBIEIMATLR . WE TIWmA D 24, M. 0. SSE ERERNEIS AL,
—3t 11 A, —4UN% ), HA 10 AIE A EE SRR 0. BT A 580 4T R R 5 R 46 DY
WAES—3, fEEPTALR RN AL S ME . P41 Gap [X BA S8 XS 20 S T AR 22 K AT /NI RAS X 38K

4.3.2. INAIR B (CRT)
[FIWFE 1a.
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4.4, NIEWIT

A6 R BRI AT GA N SOUE AR . BSR40 BT B XU ) ROtk B] 11, R4S &4 DY R T
S IERR AN INIRS YA F) - TE S8 A 208 IR FE . ENIRS A 7838 3 K FH AT 55 33 5 I ek 1) 4
A I 213 A (HbO)IR FEAVE A2 M e b, A T it UL £ 25 1 (HDR) , HbO B A 15 15 ()45 M LL (Schaeffer et al.,
2014), FrPAAHFFEE HbO 1E A TNIRS K& xR .

4.5. IRTEFF

ERRIG 2/, BRSBTS, G GRS, B e .

BRI . e Bl Sde 508, 4RI SRt N 30 PRI R B, SR T AR 10 4H i)
BRI IE BB B, SRR W 1o ook kiR g R, — L2 FRAgRER TS, R
VEAEAT A5, RIS R AT B . |l T R L 4AM5 S BB M, IR BB B T 15 AP A [a] (A] R, 1]
RS S (] 152 P05 R AR 2 JE AN TR R 1

fNIRS F2/7 (R AL & FI WA %) 4 R 2 J5 58 i CRT . BARSEEG AR W& 5.

] 1521 5
VERL A
thssties ow . 1500 ms
s Q1/Q2
— ~ o HEk#IREQI/Q2
o e BRRIENLR
= A s 1500 ms
Q3
C— = LIRS Q& R
BRI AL
1500 ms
Q4
H AR 5 QA% 5
PR R
A 1500 ms

Figure 5. Flow chart of Study 2 experiment
[E 5. #i% 2 RHERIZE

4.6. FREMHE

PR 3 x 9 fl- A, #KIFEEDY 3 em, E4E 14 DMRSPEIRER(T), 13 MEBOLIER(R), B 42 ANl
H., RELMEZSRERR 10~20 R4, K T7 €A BB SR (Fpz) e (W 1E 6). fNIRS MIiX)f5, fH 3D
FENLIL(FASTRAK, Polhemus, Colchester, VT, USA)¥4 fNIRS 13 iE (7 B S5AR1E MNI 25 [A] AL AREAT BLHE,
$RAFIEE 5 KA &1 5 43 X (BA)FI AAL (Anatomical Automatic Labeling) 73 [X 2 [A] ({0 i % 2, W2 2.
74 i e AT P AL 7

DOI: 10.12677/ap.2023.133111 931 P HE A


https://doi.org/10.12677/ap.2023.133111

BBy 25

26

Y

QI

/\

() I@I

T6 |21

Figure 6. Probe and channel layout (top view)

6. RSk 5iEiE HR E (L E)

Figure 7. Aligned channel layout
7. B EEBEHR

Table 2. Correspondence of channel layout with BA partition and AAL partition
2. BEMRS BA 77X AAL FXEIFT R X FR

AAL 43X BA 4+ IX Xt RLEE

BA9 ch38, ch39
B S RTER I (dIPFC)
BA46 ch2, ch7, chl5, ch28, ch32, ch37, ch40
chl1, ch12, ch13, ch14, ch20, ch21, ch22,

Hi(FPC) BAL0 ch23, ch29, ch30, ch3l

BA44 ch18, ch25
FIZ T E(IFC)
BA45 ch10, ch16, ch19, ch24, ch27, ch33, ch36, ch4l
LR BAl1 ch3, ch4, ch5, ché
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Continued
Ptk BA38 chl
k=l BA48 ch9, ch17
i el BA21 ch8
o ) ] BA43 ch26, ch34
BLRTH BA6 ch35, ch42
47. WARS

FT Matlab (2013b)34£3% T ) NIRS_SPM (Near infrared Spectroscopy-Statistical Parametric Mapping)4x
fHE3(Ye etal., 2009)K k47 fNIRS 4 73 #7 o Sexh IR (M R an Bm 2k 47 FiAb 22, DLUIABIHERR(E 5 K4
I RIBNE S AR BRON R H o FRAEH 32 5o 0 W (7 25 B A5 S e, i /NI o i /MK FE A A
B 3% (Wavelet minimum  description length, Wavelet-MDL) i3 47 25 % , i H] 1L ¥ 50 1 & B B8 3
(Haemodynamic Response Functions, HRF)#E4T i H B

SRIG, W TRACER S B EE BEAT AMA KT 20 M7 (specify st level). A5 IR DURAE SN BN, HRIEIRLG B
i, BRI AT 55 & B BC IR A6 I [R] 5 (onset), AE25 153, QL/Q2. Q3 Al Q4. ik M [ikix 3L 4 /M [a]
VAR 3 [ 2 57— R M A5 R (general linear model, GLM), #2850 H P 4 i ol AE T 3.(Q1/Q2) Al B FH
A5 5 7 (Q3 A QA ) B A .

55, S SPSS 26.0 i In] Lo Y KUK B R A 25 2 A ) 43 B 28 XUk TERA R 25 PR A K1 B A ik
ITAMSEREA t K255 . {8 FDR (false discovery rate) £ iE AT ) p {8, & 1EJ5 p < 0.05 (Singh & Dan, 2006).
K o6 2 A RAAR BT (Q3 A QA ZE ST, 75 5E 58 AT 55 I BRI ¥k 3 AR ALE -

5. HRE D
5.1. ITRLZR

5.1.1. VAR B (CRT) otk M et 4R

FiA R CRT “F4478559 492 £ 183 4y, FECN 6 47, AR GLHCK I 7 IRt A AL, LK
UKL 22 N, 18 34%, AHTRURIRALIE 17 AL 1k 26%. S BIFRUE BERI CRT #5037 S0 b A
RIS, 2 S R I o B R O3 B R XK A AE 3 2 R (t = 18.726, p < 0.001), 43 4HA R

5.1.2. MEMESBHERM SR

5T —80 #AES Q3 F1 Q4 HIIEFZRAE 46.07% /40, S-F 4R F L AFEMAE R iR
Gap X#i%, Q3 G S-F iR Ny 47.82%, HAAE S4EHRZEN 4.01%, Gap XH{RZFE N 45.38%. Q4
SR S-F B3N 50.78%, R AE SAB RN 1.57%, Gap 48R3 N 49.21. Q3 Al Q4 ) S-F fhiR %
N 98.25%, JLHARAE s A RN 4.01%, KA S-F HHRIIITY EEIE Gap X AR, B R IE AR,
HER N 94.58%,

5.1.3. INAR B REX RAEEHRENFE

ANTRIDA AT JE AR P At R 0 P A 45 o [0 8 T A3 1 A L IS 8

R 7RG 45 R W AR B XS R A AR R A A R R, B R SRR A
B B A W 2 P A 52 v T 0 W R B A ) 4R (o = 8.08, df = 1, p < 0.01).
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Figure 8. The distribution of right and wrong answers in cumulative variable
judgment tasks for subjects with different cognitive reflective styles
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5.2. ETERBBHEMEET R BEERREEHE(Q3 M QAHWER

o AN [N R0 2 JEL KU P i 7R ol AR TE VR 25 Q3 T Q4 I I i ity 175 Wl BEAT ST BEA T K 56:, 45 SRR BLAE
HEAT BFRAR RIS, P AEIEIE 22 (p < 0.05), ifii# 23 (p < 0.05), iHiE 24 (p < 0.05), HiE 39 (p <
0.05), i#i& 13 (p <0.05), J#HIE 40 (p < 0.05) FAFfER =K. HI ot B XA AR M IFC. itk FPC A
dIPFC s /K & T E e B XS 4H, 1EILZ 3 FIlE 9,

Table 3. Significantly different brain areas in the intuitive style group and the analytical style group in cumulative variable
judgments
3. RRTEFEPEREXBAEMOTENRERN B EESF KX

il ABER MNI AAL 4K BAAKX O"(‘f/:)'ap t df p
Atk
13 8 73 3 BAL0O 8622 325 37 0.021
FPC
LI
22 16 72 15 BAL0 3.821 37 0.021
FPC
L
23 36 64 14 BAL0 3.443 37 0.015
FPC
HHTE
24 52 45 14 BA45 681 3528 37 0.024
(0 1FC)
MU aT A
39 13 60 38 BA46 3.471 37 0.019
dIPFC
AU
40 31 51 37 BA46 3.186 37 0.021
dIPFC
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Figure 9. Heat map of the differences in t-values of activation across chan-
nels in the different cognitive reflection grid groups in cumulative variable
judgments
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