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Objective: The purpose of this study is to develop new method for detecting feigned
memory impairment using theta oscillation of electroencephalogram (EEG).

Background: It is estimated that many people claim feigned memory impairment
after an accident for financial gain. Although recognition memory tests was used to
detect feigned memory impairment, it has been shown that examinees can easily
manipulate the test results. There are new studies to suggest new methods using
event-related potential (ERP) to detect feigned memory impairment. However, the
discrimination accuracy of these methods was not sufficient.

Method: Thirty participants took a recognition memory test during both malingering
and amnesia model condition while their EEGs were recoding. EEGs were recorded
from F3, Fz, F4, Cz, P3, Pz and P4 sites. Event-related potential (ERP) old/new effects
were calculated from the difference between ERPs for old and new words. Theta
wave was extracted from EEG using 4~8Hz band-pass filter, and event-related (ER)
theta old/new effects were calculated from theta wave.

Results: The big difference between two conditions was observed in ERP old/new
effects and ER theta old/new effects measured at Cz and P3 site. The correlation
between ERP old/new effect and ER theta old/new effect was as low as .22. The
detection accuracy of feigned memory impairment was 74.4% when using only ERP
old/new effect, and was 72.1% when using only ER theta old/new effect. When both
were used, the accuracy increased to 83.7%.

Conclusion: ERP old/new effect and ER theta old/new effect reflect different aspects
of recognition memory. Therefore, using both effects will increase the accuracy of
the detection of feigned memory impairment.

Application: The results of the study will help to develop standardized tests for
detecting feigned memory impairment.

Keywords: Theta oscillation, Event-related potential, Feigned memory impairment,
Recognition memory
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1. Introduction
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1= UCHFeldman et al, 2002). 22 O AF0M Agst AXNYE o7t gle 427t IRE0|CE gLt 2o mEtMe A9
71 2 2HeZ ANYS St 427t ULL 0|2 42 T o 7Hl= weSAl 2 ot @XS50| BYF0|L XHF &
= SHoE THlol 4E WHSIHL S/E 542 UE0lU= AO|Ch 42 WAL gle 542 Ue AN dsste A
£ 0¥ = AlH(malingering)O|2t $HCh

MYTES BHFOILE X YFF0| HHE Ao 1)
Rogers et al, 2011; Young, 2015). k|4t &
SABICH(Tayler et al, 2003). O[0]| [2tA &
AAEE 7|9g &5S HMASt D YFe A
AME2 20| 1585 HAHRey, 1964), 7| 1| HA A Tombaugh, 1996), £H017| A A AL
1993) SOICt O] HASO| 3197 A&4
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of0] &AE HRSE 0] AN 2 H4E

t2 QUCHMittenberg et al, 2002;
= MHEE 7|98 X315 F2
i E[O] B} CHREQ
St= HEiZ O|RO0IN Ut CHEZQ A
AHAHGreen et al, 1997), ZEME =XtX 1 HABinder,
=2l ZESICE 0| 7|YHANES ZoZ HE HELE OFF 2N MHZ 7|
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Sollman and Berry,
2011). O|2{st 2XES 22t5t7| I5t0] L|mto| AR Q| (event-related potential: ERP)S 0| 8310] &{9|7|d& A EX[S ALE
O] RACHElwanger et al, 1996; Tardif et al, 2002; Vagnini et al, 2008).
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ERP old/new 217} 7|94S HtHSt= ANE Theta DhS(oscillation)= 7| Adt LFSH 2H&0| QUCE 3{OF7|A X|E O|E(hippocampal
memory indexing theory)Oll [H2H Q17|92 df0ret Cfk| mAHQ| A0 2JsiA O|FO0{XICkTeyler and Rudy, 2007). O 3o}
o Tik| mE2 Theta It&2| S7|2E &310] M2 &2E-&5IH(Nyhus and Curran, 2010), Theta ItE0 2|3 7| 0| Ed%tEICt
Q17| AZAAOIA Theta old/new 217} LIEFHCHE 4S8 218 HE0| L= QCHAddante et al, 2011; Gruber et al, 2008; Klimesch

et al, 2006). =0 ERP old/new 212} Theta old/new 217} M2 Z&X0|2t= ARLZAIE0| UCHJacobs et al, 2006; Klimesch et
al, 2000). [I2tA ERP old/new 212t HE0] Theta old/new R1tS 0|8310] 8Q|7|A&ArS EFX|SHTHH, ERP old/new &1tEH 0|8
x =

Ste ZREL S9I7|9EY S BOf oA A = A2 AOICh 2 P72 FH2 ERP old/new 21kt HE0| Theta old/new
RIS N O|83IAS W HU7|AEHE O & BXSH=A| =elst= Ao|Lt.

2. Method

2.1 Participants

A ZUaL & EEo| gictn SHT RLEET0| H thetd 30H0| Ao &SI EAF 158 X 15FHo|Aen, #
TAH2 220M(H9 19~24M)RUCE. HEIIRIE2 HS HA[SH7| Tof| Aoj| et 22 =1 A7 oish M S5t
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2.5 Data analysis
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3. Results
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Table 1. ERP old/new effects (uV)

Site Mal t Amn t Mal-Amn t
F3 0.44 (0.69) 2483 0.10 (0.56) 0.813 034 1.794
Fz 0.72 (1.20) 2.704° 0.00 (0.57) 0.017 0.72 2.580"
F4 0.70 (1.07) 2936 0.04 (0.79) 0.221 0.66 2.338
Cz 111 (1.12) 4.400™ 0.16 (0.65) 1.149 0.95 3437
P3 1.20 (0.83) 6.464™ 0.38 (0.58) 3157 0.81 3.778™
Pz 1.35 (1.37) 4419™ 0.58 (0.79) 3.540" 0.76 2295
P4 1.01 (1.16) 3.907™ 0.50 (0.60) 3.933™ 0.52 1.865

Note. Mal=malingering condition; Amn=Amnesia model condition. Standard deviations are in parentheses.
*p<05, **p<.01, **p<.001

3.3 ER Theta old/new effects

Figure 20]l ER Theta?t FIA|Z|0f QUC &7 224 29| 200~700ms TZHIM old THO{O CHEE FQI7F new THO{Of Cifsh Q| Ct
= LIELtE B, 7| EdRE A0 SYAX|0f wat & ol 8 2k 2 XH0[7F QAL new THOIOf THet H (7t o
Of0f Cieh TQIECHH &2 YL AUCE Table 20 2 HHZ 2| ER Theta old/new ZuH7L MA[Z|0] AUCH H7|AEY = *01|A1
= F3, F4, Cz P3, ¥ PZO|A Z73t ER Theta old/new E1H7F EAX 2 QOISIACHEE p<.05). E3| Cz0|A ZH3 ER Theta old/
new Bt7F & AC R LIEFGICHr=2945, p<.01). 7|AEHEE ZHOM= O ER Theta old/new RItE SAHSE [OISHA| A}

CHRZ S p>.05).

T XA 7H0] ER Theta old/new iﬂm CH2X| At A1}, P4 M F3, Fz F4, Cz P3, % Pz SN EAXHCZ {9t
A CHE HRE LIEIHTHES p<.05). 53], Cz Y1}t P3 FH0M & HHEXA 7t ER Theta old/new 237} 748 3A HRCHZZ
t=3.045, p=.004; t=2.841, p=.007). 2 W ER Theta old/new &1t £3| Cz2t P30|A =%t ER Theta old/new &1tE 0|2310] 5
J|oeNg SR 4 U Zo|t
A. Malingering group B. Amnesia model group
F3 Fz F4 , F3 Fz F4
Cz
P3 Pz _ P4

Figure 2. Event-related Theta powers
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Table 2. Event-related Theta old/new effects (z score)

Site Mal t Amn t Mal-Amn t

F3 0.28 (0.45) 2.810° -0.08 (0.41) -0.933 0.36 2.773"
Fz 0.19 (0.48) 1.829 -0.11 (0.36) -1.427 0.30 2362
F4 0.27 (0.51) 2.388" -0.08 (0.35) -1.048 0.35 2.644"
Cz 0.28 (0.42) 2.945" -0.13 (0.45) -1.367 040 3.045"
P3 0.22 (042) 2316 -0.13 (0.38) -1.628 0.35 2.841"
Pz 0.28 (0.55) 2.264" -0.02 (0.34) -0.219 030 2133
P4 0.15 (0.48) 1.358 -0.02 (0.31) -0.250 0.16 1.330

Note. Mal=malingering condition; Amn=Amnesia model condition. Standard deviations are in parentheses.
*p<05, **p<.01, **p<.001

3.4 Correlation between ERP and ER Theta old/new effects

Table 30] ERP old/new 212} ER Theta old/new &1t 72+o| MAH=E K A[SHRALE ERP old/new 212 ER Theta old/new &1t
HEb 28 XO|7F 7HE 2 22 P3 YoM Fet 2T MA|ISHRICE ERP old/new Z1tQt ER Theta old/new &b Zto] HwX &
A2Hr=.00~.36)2 20|10 ULt Cz2} P3OA Z’ETH ERP old/new &1} 7Ho| At2 =782 HES| UM, Cz2F P30|M FHT ER
Theta old/new 21 70| A E =422 XX 2 4SS HQALCE M2tM 0|20 HA|SH 57|24 EIX|0|AM = ERP2} ER

Theta ZtZHOIM Cz2t PzOIM Z73t old/new BEIHE Hdst| AESIQICH W st ERP old/new E1t2t ER Theta old/new &1t 7H9)
HE2 =222 2 4 BN SAYRE [FIGHA| AUATH

r|0 rir

Table 3. Correlations among old/new effects

Old/new effect ERP ERP Theta Theta ERP Theta
atCz at P3 atCz at P3 at Cz+P3 at Cz+P3

ERP at Cz 1.00

ERP at P3 78" 1.00

Theta at Cz .00 A7 1.00

Theta at P3 23 36" 42" 1.00

ERP at Cz+P3 96™ 93™ .08 371 1.00

Theta at Cz+P3 12 371 86™ 82 22 1.00

*p<.05, *p<.01, **p<.001

3.5 Detection of feigned memory impairment

ERP2} ER Theta old/new R1HE 0|83t 5|9(7|A&=40| BIX| 7t5dE EItet7| lsto MYud g
Theta old/new £} B4+ =g ) o
ZSIRACE ol, & ZHX| old/mew Z1t7t 5{9|7| Y24k X0 SXHEQl 7|02 E 7

.

[=}
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Table 4. Results of stepwise discriminant analysis
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Table 5. Confusion matrix
4. Discussion
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