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This study was conducted to investigate whether memory accuracy
can be assessed by analyzing electrophysiological responses (i.e.,
electroencephalography [EEG]) for retrieval cues related to the witnessed scene.
Specifically, we examined the different patterns of EEG signals recorded during
witnessed (target) and unwitnessed (lure) stimuli using event-related potential
(ERP) analysis. Moreover, using multivariate pattern analysis, we also assessed
how accurately single-trial EEG signals can classify target and lure stimuli.
Participants watched a staged-crime video (theft crime), and the EEG signals
evoked by the objects shown in the video were analyzed (n=56). Compared to
the target stimulus, the lure stimulus elicited larger negative ERPs in frontal
brain regions 300 to 500 milliseconds after the retrieval cue was presented.
Furthermore, the EEG signals observed 450 to 500 milliseconds after the
retrieval cue was presented showed the best classification performance related
to eyewitness memory, with the mean classification accuracy being 56%. These
results suggest that the knowledge and techniques of cognitive neuroscience
can be used to estimate eyewitness memory accuracy.
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HA AEH(ZLS g5 AFol vl MEA Het A5
of g o & HA gy Kol S HATH9]. olzjst
BIE 9t 9o A8 opyet (5], AHI[10]o]u d=
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Esit). wpeba 71 ghAfol tigh R 9 whgo] Hu A o
& ATE ’\}35} ’?—l@’?—l Aot o2 WEFe g yehd 7t
SRR Ut dE , FoARE] EFshs AFY HE
£ Adst= 01?[13]"1]’\1 ¢ B9 Ad(CZ)olA 300-
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AAT §94S e o EGFS A B dyol &
V4ol Astel BT S
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= 67l BAEAe, B, A, WA, AA, 7HEE A
B T, 4A TGl et 24 (3E AF) gel, A4t
S WA BUGISE A 248 M 5, 58
Aol 670, HIHE AFo] 12702, F 18709 Ao Aol

A

AL EI QT MALS WM A7 H|EE 2o pixlr https://
pixlr.com/editor/)ol| A} & 29 Lot MEE HEA]
1 A2E AP JEHE WS v ER A= Google
A AN A7 =5 A3 AHE.

Al A= 2719 & (block) &2 = e, uf S8
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A=A 2 A= & 1084 BAH oz vk AAHG e
W, % 732 % 90Me] Ao TSI,

A A=9] A A& Stim2 (Compumedics, Neuroscan,
Abbotsford, VIC, Australia) T2 13& o] &3} LHE
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EELEEELRES S ERE RS R
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AHE A8 Hu AARE 9% 718 AQ] FH] ZAE vt
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S Y. AFHA M F7HAES BEUE dul T
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4. klof 7|= 3t Fx2|

Ha Ao = g el W&o ofFo)W APHAA =4
10-20 Al&dol w2 32709 W5 RBejolA 7] ZH A
o Fx AF2 3, & #F =71(mastoid) o F2H
gov], = 21US 71287 8l 27 FHE (vertical
electrooculogram, VEOG) &4 A= 278 Q2% &= 4=
He} st o) HAPY. Huts 7| Fs5h= ¢ VEOGE A
A& (impedence) 10 KQ oJ3tE fAgoH, 1 €9
A Ade] AL 5 KO o]3H ST,

Ha 259 57 E4S 93] Neuroscan Synamp
¢} Curry 7 (Compumedics, El Paso, TX, USA)& A&

4 \05s

Questionnaire
Digit Span
MINI

EEG equipment

2 min 30 sec 1hr

Encoding Phase Retention Phase

Memory task(list 1)

=|IHE 0|88 SAKX} 7| Yot | &2+ 2

(o))
(O}

ot Hub= 0-100 Hz tio9] A5t 7185, 225
(sampling rate) 1000 Hz3it}h. A £8 & dA&H o
Z2 7189 Hu AF F 1-30 Hz 99 Aot 433t
(bandpass filtering). 1831 g & &Yy 2§ 1%
o= s WAst= Fe(artifact) o] YeRt FHE A4 s}
of BAA AP o, & Ao Qe Fgs FAHE
w4 (principle component)& ©]-&3t] AT X2 &

vbl wohe B 4SS BE 43 99 719 T4 AN
7 200 msecE AA| F 1,000 msec7tA] -7k (epoch) &
2 FEEML, £50uVE 2H3tE 2 F5ol ZoE
ATHL TEE o] FAA AJA R F7AE o= A
= el B8 02 A4UE 89 A3 ASBAY,
ool A BAS BN RAS 5HS nelstel 3
IS B2 ASS A AdE AR (A F) HEE
A& At 7148 AN (EE 714) AR $& EA4 0
Arg s,

olafet Wzt A2 A7) AN & BAARE % A 3
=e A3 &34 £40] 7hssto] AJEH Il eH, U
A A7E & 4 AR 230 ERPE AN Y 27 B
& SEA7)710 A2 A" #(n<30)E Hole F7HAF 73

o] AeE o], & 5672 277} H]u} BA o] AFLE AT}

Memory task (list 2)

5 min 5 min

Recognition Phase

Fig. 1. The procedure and recognition task in this study. MINI, Mini-International Neuropsychiatric Interview; EEG, electroencephalography.
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(1) ERP 24
Huto] e EAS £str|o] A, Ad oA HEst
A} #&E Qirkal &7 ERP AE(FN400, LPC)o] ¥
s #EE EAe AU g dehteA Q]
ste] ERP £4& £33, @i Hut 42 EEGLAB
14.0 [21]& ol &3t = A} WA, FriAnict 2E A
= N3 BE 717 AP HYES Hetsto] ERPE 4H&
i}, o] 7+ A {¥nitt 2= AJA] & 300-500 msec
(FN400), 500-800 msec (LPC)<] #7+¢] A9 A 3F
T (grand average)3t I &S FAEA ol A&k

SA B2 3070 A 2ol vial o] FojR om, AF A
Yk Qg 717 AoA fou]st 2ol & Hol=A&
k. oju th49] xd(n=30)°] sl FA HZol /i
£ o]F0]x)7] wji2ol WA HE= 15 279 ﬁ*g%
A 7171 & false discovery rate (FDR) [22] 7|H & A
o AZH P ALbstal, P<0.058 3ot 144 A
S gttt

A

i) Obo oy _P“‘ n\l
ok l~> o oln

(2) CHAHZE TfEl 24 (MVPA)
2 A3e 4 A F8EF, A 7120l wE Hgtol of
o 2R REe S5 £F A¥E H7HE 918 Decoding
Deciding ToolBox (DDTBOX) [15]& o] &3}%itt. WA, &
J7 At A A Qe 717 Al oA HEEE X a)
o] A]Z7+4 (temporalspatial) EAES &3 BE
wut fduict A= ZA] A -200 msecoll A AlEsEe] A4
AAl & 1,000 msecZ7tA] £ 1,200 msec] H¢E 50 msec
2 o FstA, ZF AIZE 8 (50 msec)rttt Al E-7HA BiE
HE S A Ao o] 2 support vector machine (SVM)<&
ol g3 EF g5 2 A5 7ol AT SVME o] &3
& 9 Bal [IBSVM [14]S E8) 3=t} SVM
= = &8st A2 AE7 FolHS W o
sahen) Berele 2 B, 74

5 Y TR 5 9E 2

0] 90%E Hi7| 3
E7F s H7tol AHEEAT 27719 A5 F7H= 103
(10-fold) T2} €} AZL Ea) o| 2Rt LA H o=,

o
N

EEG A8 E FAHHOE 10719 B E A5 (subset) E2 &
sto], 71 5 9o RE ARRE o83t EFVIE gFAK
T Uz e BE 270 i3t BF AP S Hrste
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o, 1010 A7 &3} 25 Aol AL ARE WA
AN R %S BRI olEe waEgy A3 10
¥ MEEgon] v 1F Aduit g AR00%)9
Y7k AR(10%)7F FAHOE FSHUI, 2 ey
Aol N ANE BF ARES FRotstel B5 4

AL+t

Zk AZE i) 5 AEC] $A £E(50%) T =

A A7) Y3k}, e HE t-AS5 S +P5AT o]rq] 7
Aol 2o FFEL AslY] Y3, BAA AHLE ¥g}
Agd 24 BAS PR AFFS F(d, 479 7]
o] g7 RAZOR BF 32 HER TMZ gY) oAl
el BAY 5U% AR £/ FHES AT 0¥
A ARAHOR BHE AFES AL Ao| o]2F oo £

T(50%)= o]&3styq SVM R EF HSES Hlste
ARG fAsithal A ITH15]. 3 thee] Az 518

(n=24)vjt}t A FZFo] o|FojA|7] wjFo] TEE 4 Q=
03 HuE QA 15 279 FES TAA7]7] 98, FDR-
corrected Pgt-& AlAFstal, P<0.058 238t &7 JgE
& Hol& ARt & AR EI

2

o2

S Zut

.u.;

2 A5 24 tidAH(n=56)59] H&ES P+t 83.21+
10 90%E UEtgth FAFog AZFET A 7|4ES
H S w), AZFo| 88.12411.77%, A% 712& 80.78+
13.67% 5t §u|atA &dth(t(55)=3.57, P<0.01). ¥-&
AlZbe AR RS ), AVHES B 7174 AI3Y(773.80+
116.36 msec) Bt} A= A)3(714.79+110.61 msec)ol|A] &t
S HES FE2& £271 Bhth(t(55)=-5.35, P<0.01).

(1) ERP Z 1}
Fig. 2A+ A% N} A 717 AlgolA 719 @Az} A
AE & -200 msecolA] 1,000 msece] HYE H#31et A
ojth. WA, 300-500 msec FItolA AF A} g 7]
ZF N oA &l 7t Yetd=A1E A5e 23, 1471(F2, F7,
FZ, FCZ, C3, CZ, CP3, CPZ, CP4, TP8, P3, P4, P8, PZ)
o] A dolA = A 58 7 Fu|St 2o & EJTHFDR-
corrected P<0.05) (Fig. 2B). £3], AT FHAA FF
Aol vlsh FE 7]7 AlollA] T & BH H9E HA
th2 22 500-800 msec Ftol|A ZolE Hol= Ad
So AWEe u), 157 (FP2, F3, F4, F7, FC3, FC4, CP3,
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CP4, TP8, P3, P4, P7, P8, O1, 0Z)¢] Ao T A3}
738 1 Aol & Hol Aol THEHJATH(FDR-corrected
P<0.05) (Fig. 2C). L8y & FAH(P4, P8) M=
5 N HE 717 Aol s "7t Eokd W,
& FAA((P3, P7) FYolA= AE 714 A9 197t o
EOF, & WL Zhof| thA ThE S Bt

(2) MVPA Zz}
2 479 F2 A 71 B A D59 Hatof s

— Hit —— Correct rejection

300-500 msec

Hit Correct rejection P<0.05

=[S 0|85t 2K} 7|4l ®It | g3 el 67
AE SVME ol gste] A 3=
o] Fig. 3% Table 10 A= it} 257 H&E

2014 1 gstom, oF gasts B Bt 4
= N3 B 717 Ndes fFYuleA LR 1
350-400 msec (H++ 55.1+5.75%) 2} 450-500 msec (B
56.2615.52%) %2 UJEFSTHFDR-corrected P<0.05).

o] Qo= 7}Q F7AEE EF HEES ATHYS
B3 38014 60%0l4 4% AAT B 7124 NAL 7

500-800 msec

Hit Correct rejection P<0.05

Fig. 2. The event-related potentials (ERP) of hit and correct rejection condition. (A) The ERP of hit (green) and correct rejection (red) condition at
thirty electroencephalography (EEG) channels. The topographic maps of mean EEG variation and channels (red dot) significantly different in hit
and correct rejection conditions 300 to 500 milliseconds (B) and 500 to 800 milliseconds (C) after retrieval cue.
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B8 @ohA 271 71 B AZE FES 400-450 msec  Fho] 71 %9ME 77 450-500 msec T8 O 45.88%
n=13, 2321%) 0.2 Uehdth. £7 3B Hojgat A2 2 B Wbt BREYUL BE A7 7R 27 A
22 AMESLE ), Hrigto] 7 BUE T7L 150200 BE WEUE ©, W ¥R 4B A ¥S BAE
msrv FHOE, 7375% Uehd A7AE Qo Ha  5521%5.0m, g W WA 50.64%E Lrehde,

Table 1. The results of SVM classification after retrieval cue presentation

Time window (msec) Mean+SD Ratio of classification accuracy Individual maximum Individual minimum

- above 60%, n (%) value value
0-50 52.44+5.52 7(12.5) 64.33 40.63
50-100 51.63+5.78 5(8.93) 66.00 37.00
100-150 51.90+6.85 5(8.93) 73.33 40.50
150-200 52.84+7.24 7(12.5) 73.75” 37.67
200-250 51.54+6.02 6(10.71) 64.17 37.17
250-300 53.33+5.44 6(10.71) 68.00 42.00
300-350 53.63+5.81 7(12.5) 66.60 43.10
350-400 55.19+5.75" 12(21.43) 68.17 42.25
400-450 54.45+6.79 13(23.21)” 71.00 38.75

450-500 56.26+5.527" 12 (21.43) 7138 45 38"
500-550 54.27+6.09 11 (19.64) 71.25 42.88
600-650 54.89+5.72 9(16.07) 68.13 44.00
650-700 54.45+5.86 6(10.71) 65.25 4133
700-750 53.23+6.16 4(7.14) 68.88 35.25
750-800 52.13+5.82 9(16.07) 61.75 38.00
800-850 53.17+5.29 9(16.07) 64.75 43.00
850-900 52.49+6.95 5(8.93) 66.25 36.83
900-950 52.03+5.23 3(5.86) 63.60 40.17
950-1,000 52.02+5.44 6(10.71) 62.90 35.67

SVM, support vector machine.
“False discovery rate-corrected P<0.05; "Maximum value of each column.
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Fig. 3. Support vector machine classification accuracy according to time windows (50 msec; —200 to 1,000 msec). “False discovery rate-corrected
P<0.05.
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