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Holcomb, Hackworth, Boquet,
2007)%F AAFH Al (Rasmussen & Pedersen, 1984)
5} o] Qo] F2A] Hi RAAE o
YA 8oz Aeank webd efel

o3 AJRES WR|E] YerE ege ¢

& Wiegmann,

£ AGH PBe ASHoR FANA R

S W (Weissman, Roberts, Visscher, & Woldorff,
2006), AHeH FPOR Qg e Fof FF
o] A &% A W(Gratton, Coles, Sirevaag, Eriksen,
& Donchin, 1988), B ARl 9] #A4ke
2 Qs /7 ¥4+ 3UThRobertson,
Manly, Andrade, Baddeley, & Yiend, 1997). 3t
29 A4 ZUe FPa 9 A4
&4 42 o848 ATEANE oF o7
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Uchiyama, Shin, Hayashi, ~12]3l Sadato(2013)<]
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mode network, DMN) 9991 W& AAFH
23 5 Wi 2437t Srkste
A GRlstsitt. T3 FHAFHA S o] &
gt AL FA 7 9 (event-related  potential, ERP)
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(Ridderinkhof, Nieuwenhuis, & Bashore, 2003).
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G AN 2F 5] Thed Aol
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°|E &l A7k A Fatel SvkR <le
=

977} HAE A van Merrienbore & Sweller,
2005), B A& o] Fo ¢ wE NS 9
3 "bg AR7F i e7F TS
W(Brewer & Smith, 1984; Jentzsch & Leuthold,
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1988). FRA|Et o2 97 & 2 F(post-error

slowing) e Q7 WA 25 & Algfe] whe-A|
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7} 57} SFA WBrewer & Smith, 1984; Jentzsch &
Leuthold, 2006; Rabbitt, 1966; Rabbitt & Rodgers,
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THBotvinick, & Cohen,
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A A tro} F T o] dojzh gMog Al (HIF 3,000ms)E, 1,000msE] 400ms 7HE o2
NEQEd, o F shte BEATY AdW PAHAT o ¥ W BId =S Ad
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(cq] a7, Lo]‘_ 017]- J]-E]-}\ﬂ_o_i AAhseE HEo M T

: B FEES AA] Tt
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A SHATFE AuEs Ax BT ABEM 49 5ol dold HelHE o
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Az o FgFs Bt 5 U7 Wil Knowledge Analysis) v. 3.6.125 B3l T3 &4

(Botvinick, Nystrom, Fissell, Carter, & Cohen, T} FHEA o] o]Fojxlom o]d i wA}
1999; Gratton, Coles, & Donchin, 1992; B3l E uEo R o FFEo| AEHA
MacDonald, Cohen, Stenger, & Carter, 2000), & o]& T} &F o2 m|X& g3kS Hrt
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ool fony RO

W T Mo B oA Emm KO A mrw ' @Mkﬁo
EE] Q %#;o Jﬂ_ et -
i S oW g
o A T sy EFA®AE W

g N W T o A g
m%ﬂoﬁﬂmﬂPuvﬂaWeEﬂ@u 2SR —
T s i 0% Thocnds

Xk N B e o T N A =
of ot \H_VOI - 7 X rn.vll ofm i) ™ %c o WI =T
oL H B HET EP T o mw ot ”
Mg SRR W B g
BH X W % W NF oNr = T it o T S S

) N o = T ™o B N N < =
~ o —p X 5 EE,_LIO‘*ai_u ~T
T S w o . m T BN
o =wwe NP F oo Xom ™
B ﬂudﬁﬂu}Lﬂo~omﬂo1ﬁ_ = _E_ﬂALI,w_ou_ﬂdﬁ
ol U N T ol ) =
b Pwa TH I G ooy T T A
° ™ o Moo W % o roBg oN- Ny K

p
.003
394
.002

Model 4 vs. 3

*95% CI
.047~.120
-.030~.079
.038~.070

p
.095
.087
.010

Model 4 vs. 2

*95% CI
.009~.150
.004~.086
.029~0.94

- 550 -

542
(.043)
.588
(.026)
565
(.019)

Model 3

M(SE)
Model 2
.548
(.036)
571
(.014)
560
(.018)

623
(.039)
615
(.013)
619
(.019)
+95% Confidence Interval

Model 4

*95% CI

sensitivity
specificity
AUC

Table 1. Comparisons between prediction-rates of models with different numbers of clusters

Note.



01ZH - Ux= / 7|AEES S5 2R 05 ¥ 2R A 7t 7128 FMo=
< Agstr] 98, WA 891 2 AR fulsiAl =tk Bolxe A foll=
et g 9 R/ A HolEE A4 2 fevlgk zolzh vehuA] ekl MAA <
PAsl #HERFEES FEINY 77 B dSFES veEhlle AHESQ AUCHA =34t
e Bl 7Y SRS wEgsed 4 uE RISEY FYnsA =3%7] wi,
Ho o7 dS o] HUIEATE shte] o] Fo EMoAME /1Y IR FHE B
ool FHA 2070 ol FAVE 2EEE 7l F4rb AREEHJAT
T v R Al 7 AR B8 T Y]
TREASH, A7lde S 2 o/ #He ITl 28 A7k 1mrb OF oS rlA=
ME7E 42 5 QL AFE d] JHQl BEEo] JekS dolEr] sl 11 8%lo] XA
EEEAT FE2E Al 7 FREFE o ¥ A9 23 1M eRlo] xFgH =Y
3l sMO WHIFE wgo R RgE Solk & Hweith ol & Hal, F 2 g &
9 AUCE 343ty 1 A3E FEZEJS §F JdF FI& kst 1 23E FE~
o] &g WEEE HTOoE MHUE Y  EFE o] &3 dEEE HTE T3l Hlu
(Table 1). 7L A3}, 234°] AUCE 2 F 71 39tk 2 23, AucellA 17l £3hd 23
o] BEYEY2, BYHETE fonlatA %o o dFEo] FonsHAl ° A JEwt
Hp<.05l, WHAEE HweG S e 230 [p<0sl

Table 2. Comparisons between prediction-rates of models with IT| and those without ITI

M(SE)
+95% CI p
With ITI W/O ITI
sensitivity .623(.031) .561(.034) -.020 ~ .152 210
specificity .615(.013) .588(.020) -.027 ~ .076 335
AUC .619(.019) .574(.013) 014 ~ .074 .032
Note. =95% CI=%95% Confidence Interval
Cluster 1 Cluster 2 Cluster 3 Cluster 4
4.5 4.5 45 45
4.0 4.0
g 35 . 35
E 30 ) 3.0
25 25
20 2.0
-6 =5 -4 -3 =2 -1 6 -5 -4 -3 -2 -1 -6 -5 -4 -3 -2 1, 6 -5 -4 -3 -2 il
Trial Trial Trial Trial
Figure 1. ITl trends for different clusters
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7] 9Ad, WeA A% oF 2HE 8
AER @ WBZY WPEHL FYsidr

, n’=.0851 AIFAQL A}

EHHI Az 2%, 47 3
HEHT HA v-ARto]
ofmljatAl  wWE o8  UettHmean
difference= 180, SE=.066, p<.05}. RFH W&
AIZE FAS] FEIHRS,7200=1.567, p=.167,
n’=.0111% REEAIZE FA8 o/ &3 3t
o Bz HA&e fYvskA &Stk

[R15,720)=.913, p=.550, n°=.019].

Il A4 24 23
E Figure 19 AAR Hheb
& 2T FAY] Aol & glstr] 95

Ao o8 AL Qs
AL St o A3, me a3

[R5,720)= .739, p=.597, 1°=.0051 ¥ <L F

THEY FEIHE FoAvlA @key

e A el pE
o=

2 g IE2y

Il A9k T4
27 88, &4 oF

el e e

??‘_L
TR E9 11 Al dial

o3 oA S-S TP ATHTable 3). +F
[R1,42)=4.683, p<.05, 7°=.1001% TH
3[K1,26)=5.958, p< 05, n’=.1061 ITIZ7} 3k
s7kete HHS Hole AdddA frofnlet
Ko, #3F 2= 42 FolME Forlstitt
[R1,42)=11.332, p<.05, n°=.2121. H3 7 1
< 53 ¥[R1,260=5383, p <.05, n’=.172}
A, = 4= 32 FolA fFenlsiith
[R1,26) =10.616, p<.05, 1°=.290].

Aa) o] Al FRY A@S] el 1
AFE AR AE NG Rz BE
E

L =
HE o8 4 #EE ¢
H) W&} thTable 4). 1 A3}
{p<.05] g e F Alp<ostE A e
7 A wgdy QEAFd walde &
< B3 eF F AFdAME ]
T =8 Fe] Uehtp<.051.

F THEY oF AYY oF

49 2 oF A% Awg—gq 4 umsm

1E

Ho
lo,
=
ot

Table 3. Results of contrast analyses for each cluster (p-value)

Linear Quadratic Cubic 4t 5™
Cluster 1 .143 972 179 .664 .028
Cluster 2 .036 262 481 .002 702
Cluster 3 .018 553 .063 939 472
Cluster 4 .851 .087 .003 135 121
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Table 4. Results of one-sample t-tests with bootstrap for mean RTs on pre-error, error,
and post-error trials compared to the mean RT of the total correct trials (test value=-.009)
Group M(SE) +95% CI p
Cluster 1 -374(.191) 714~ 055 062
Cluster 2 -.226(.126) -485 ~ .048 115
pre-error Cluster 3 -.224(.112) -432 ~ .008 066
Cluster 4 -.178(.186) =533~ 199 384
Total -.243(.071) -225 ~  -015 024
Cluster 1 -454(.170) -775 0~ -084 .023
Cluster 2 -111(.252) -568  ~ 374 701
error Cluster 3 -.347(.237) =735 ~ 217 176
Cluster 4 -.173(.209) -579 ~ 304 460
Total -269(.118) -302 ~ -0 .007
Cluster 1 .323(.235) -097 ~ 843 211
Cluster 2 123(.174) -206 ~ 488 461
post-error Cluster 3 .366(.150) .093 ~ .680 022
Cluster 4 .367(.200) -.019 ~ .788 .077
Total .292(.091) 189~ 412 .001
Note. £95% CI=%95% Confidence Interval
< &3l MlwotithTable 4. 1 23, F A AIg upel o], o] AwkA HF Ao ths
b2 =4 1, 2, 3004 Aol BEEN o ZF 2 AFA AelE @ARlelr] ffe)
S W fond A% Jena 29t o AHuE daesle, Beley dHew &
F AGeIA wekle 2 14 Rl QeEg RS 1 s 29 12 2
Uetp<.05l PHAI®eR, oF F =od 3, 4 Hoh 3F] 2& 3EG 4 23] HE
< A 394 fFelvlstAl UebstHp<.05) o] frejulatAl Eskth
LF AN #A| 21, oF *HE = 9
b 2R AlgeA el A éﬁ(" 2 24, &
U 2ol WE HolZ golrs] el 7b old AFeIA it nFE Avho] 2E
A% HEL ANG Az RAvE Aok F AN oF el yehte WA
VEFATHYXA(1) = 28.299, p<.051 Table 5ol #1 % Al 23] FAE v 7AgGs
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Table 5. Results of chi-square tests for the ratio of congruent and incongruent conditions

in error trials between clusters

Congruent(%)  Incongruent(%) Total(%) X2 P post-hoc comparison*

Cluster 1 16(59.3) 11(40.7) 27(100.0)

Cluster 2 17(39.5) 26(60.5) 43(100.0)

Cluster 3 5(9.8) 46(90.2) 51(100.0) 28.299 .000 12>>374

Cluster 4 3(11.1) 24(88.9) 27(100.0) ’

Total 41(27.7) 107(72.3) 148(100.0)
Note. * p<.05 corrected with Bonferroni correction
ol g3l oF WAL AFTHOR =3 Kim, 201504 79 FIE 1R EFI
Ot 0 F] F3 TEIIAUTHCho & Kim, AT g &AM o] M2 e,
2015). ¥ AT ol2lgt WHE o3t ¢ ol B FACA 1T Wlo] EFEII]
A FANA 1TI7b WskE A9 ol dAFtdl  £Y F vk wEbA wHd Imn 3415 HQlel
A AR HRCRE oF dEe & e A AT oA SE0] Yol Holgte o
AL gRlstazr o7 Al o] AR AR e 7HssHAl gtk olE I 9 F
H o7 A A7 jReAzb #A] 2 7 B4 A 1 A WS Eds 23
odf Beted, miel FAE o8l TFT eF  (AUC=0.61904 ITI A RS AF &
2 7 2 d3staat sisivh FAUC=057HET dSEc] o A Yest

A, 2 A 9 2 Rz HnE & ohoole Mo ®st FA7F LR/E dSste
3 FAARL 1L WQle] Frbd Agdwe] 2~ f glo] Fag HIlE AlAkgtt
EF AE Bl doln /50l ofd AF Qo] A= nigtow B AN pId
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ettt e o s Edele £F S F8F WS st FAA L
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Prediction and classification of performance errors by machine learning:

Focusing on inter-trial intervals

Kyongmyon Yi Chobok Kim

Department of Psychology, Kyungpook National University

It is important to understand causes of human errors and to predict errors in order to prevent various
accidents in our daily lives and industrial fields. Although a previous study employing a fixed inter-trial
interval (ITI) in a cognitive task successfully predicted errors, it is unlikely to generalize from the previous
results to other situations. The current study sought to predict errors by reaction times, task conditions,
and ITIs extracted from six consecutive trials preceding error trials, in the context of machine learning.
The results showed that various types of errors could be observed and predicted. Especially, presence of
repeated patterns or time-pressure chances in the ITI trends might be related to errors. This is interpreted
that ITI variation is important to predict errors as well as related to participants’ mental states affecting
errors. Therefore, this study suggests that various types of errors in a variety of situations can be

predicted, in which those errors would be caused by various factors.

Key words : Machine learning, Inter-trial interval, Human error
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