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Effects of Computer-Based Cognitive Bias Modification
for Interpretation on Memory, Cognitive Control,
and Motivation
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The present study aimed to investigate interactions between cognitive biases and the impact of cognitive bias on motor be-
haviors and self-reported motivations using cognitive bias modification (CBM). Thirty-two non-depressed undergraduates
were recruited and randomly allocated to a positive (1= 16) or negative CBM group (n=16). The results showed that CBM
was effective in inducing an interpretive bias corresponding to each training condition. In free-recall tasks, the positive group
showed more positive intrusions, while the negative group showed more neutral intrusions. In computerized driving tasks af-
ter CBM training, the negative group showed more errors under both the stop-sign and in-the-wall conditions. The negative
group also showed higher scores in fight systems, whereas the positive training group scored higher in behavioral activation
systems for self-reported motivations. These results indicate that negative interpretation bias via CBM training not only in-
duced negative memory bias but also affected motor behavior and self-reported motivations through impaired cognitive
control. The findings of this study highlight the importance of interactions among cognitive biases in depression and the pos-

sibility of modifying them.
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THClark, Beck, & Alford, 1999). 7} Q12| QQlEofA|2] HEF
SymoR 52 A 4Eagsio] o S840 9L
ZIth(Everaert, Koster, & Derakshan, 2012). T} JL4| 2 0 2, 28
9] 27|13k A A (depressive self-referential schema)©] 24J5}E]
A4 S of] el FgAfo]ar uikA|Ql s Ay} H7pr) at
ASIA| =, 2L A} A4l =2 gl mjefo] tigh 4] 7]Rte)
7|52 = s FAsH] DrhClark et al,, 1999). o|= Au}z o
2 el 49 AR F el gol B F0l8 718
oAl RHEL, A Aol AR Hrk R ol ot 7
A} S St HFS of7] gtk (Mathews & MacLeod,
2005).
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HaFo] f-2ofl m|A|= Gkl thet B A7 SA = Ak WA,
ofjuj 12 B5k Altolut A Hof] tsf 4121 il
HAA A HF S &S0 wRlo] w2 Ao Yeyt
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Ebrahimi, 2003). Berna, Lang, Goodwini}- Holmes (2011)2] ¢1+%
A Q4 o] S-8go] TSt S-REH SRS ARES
g 2 ofuf T B AL A AL SAE B
ot oF A} S-27dol7t Sl AFEolA £ sl Ado] o
SF-FARE SBAR|7) ] 7 YR T S Lee, Mathews, Shergill
7 Yiend (2016)2] Q1474 S-8HEHS T2 2 ATl 98
S/80] B T Tkl ARl Hish ARt AlE o] A
2o ool 53t 5ol thel £l HHe e s Ao
2 Uehsteh o2 Aol 2ol ol s
2o e 2 S Mt B2 465 Hol 9854
o] =A Yeht= Ao 2 1%l thH(Rude, Wenzlaff, Gibbs,
Vane, & White, 2002). ©|5 &3l 4% a4 HgF2 AAe] &
A3} ilo] 918 Bk oz} ol0) -8 FAHE ool 9]
daglolet= o] AlARE Ak

eI ET A GAje) 2] ) R e T
(Joormann, Seimer, & Gotlib, 2007). oJ&] I1+E52 E3f &7
ool A 71 FER| A= QA4 HEFo] 71919] oA tehdt
= Aol g2l vl ItHGaddy & Ingram, 2014; Matt, Vaquez, &
Campbell, 1992; Vrijsen et al., 2018). 323 AFE-2 G4 0]
L S ol wlsf F4] AHof| gt 34 A 5E Hold,
Ao A Sol A} N oo, 2t AT} 22 A
7oA o] -2 KA HEFS LFERHATHGotlib & Joormann,
2010) B $-£7 NS 47 AL T el 71l
o i 53t HHE 7R LAsh= ol Al s A sk 3ol
A-5-0] AJAFEIIEH Mathews & MacLeod, 2005). 0] 72-2- F- 2 #]0]
lofiae 9ol ssto] Lieis ZAolu] 23l ek of)
2t 2ol E A B AEAIE 4= Sl f1Radlolth(Beck,
2008; Tran, Hertell, & Joormann, 2011). F-% 2] 7|o] #Hgko
2] 0 PO 24, S8 ol £ o} Sol Fel

A|H(Taylor & Ingram, 1999), $-&o] 3| o] Fof = &gt}

o

faid
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i)

a

i)

=
24 2Jc}(Johnson, Joormann, & Gotlib, 2007). HI| =, FA 401
A BB A AR ISR RS A 2
B & 42 Y pelo] gl 402 tehydeh(Charles,
Mather, & Carstensen, 2003).
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o1 Sk} 74, Yiend S(0149] ATAAE 41 S S YE
A0 2 157] CBM B8 440 27} BAL WA gFS 92 5
ARIRo] vla) 2 a4 Aapo] B71ete A ekt
Lang, Blackwell, Harmer, Davison¥} Holmes (2012)= FQ-%-&
Aol At dd o= 751719] CBM &2 AN 23}, E51a
2] 92 FR-Eo SAKT Bl 2T = Y

A A7} §olal g AahE shelsleint

HH, Watkins, Baeyens@} Read (2009)+= AFA| %1% 719 of| 4| 2]
Feute} i ol =0 T A& Gk nRlvk= Al
Y- Ato] wp2k(Teasdale, 1988), -7 4 EdkL Q=
52 e 2 vl0le] T S S AT EE

i)

[e)
o
2¥7F 797F v CNT, CBM, th7]1-ke] A Kk

= o
5 She AEHS e, CBM R Tl A= CNT F kol 4]

o} oh A2 4V Belo] B Aleld Aol i Al
5 3L, AU @ upAjup BAko] upxjut thotg gl X
A REQLTE 21 AT AREAIR O] CNT Fehol| A v 7 Flhof| vl
3 S-g7to o & Zo 2 Azt ATE Jlrk o] 2 E4)
A9} V-t offeh Al] Hefg 4ok Y B
=5 MAAIA 4= Aol ZHIERIE:

(0101 A1%& 53 445 Qo] T Hof AN BETH
Aol thet ARE ST 1) 710} HFL opIRlThe 22t o
Sick. S Tran QOIS 34 -2 F A2 ko] s4jma
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FEHA = AutE U3l Joormann, Waugh@} Gotlib (2015)
& of7]A g B Yo7} 1A HEFS7E-3 A](Cognitive Bias
Modification-Interpretation, CBM-1)< AA|3F A3}, Tz

-

Fetele ke shAHat 7o Hgre] ekE Eat ohyzt 5
A A TS W2 2UN, 384 A S w2 Aol
Ba S EF A Aol A o] AHRE] B HolfirteE He BHest
ok ™o At A S, TS ol 22 siAHde] 719
A BANIA F= I = ol AT

olgo] dad-SolM= AAAU WS Sl A Aol
I 9 eAE Qv S s QIAA Hagol o=
7|20t 2 Ed 20 viek A2 vhgof vlR|e e A Eek

3 5
Slol7} gick thik 320 £ A ofet A Hsiut
RSB A B WA S4So] FEelAE ook
& 113 E tj(American Psychiatric Association, 2013; Bernard
& Mittal, 2015), VAR ] Tl o)Lt 571 2ol

1 0] 22 Qx| wapo] ofd QRS A=A AuEA) Flg
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E QIR A A AF S dpeshA 4 WshA| Hek A
Aol o] Mxd B EAls A asido] Hadtes BEs
2ot} (Joormann & Siemer, 2014). £3] o] 7+ 217 EAAHQ]
B e A7/ Aok 72 wRlo] §lom(Disner et

z |
al,, 2011; Paulus, 2015), AJAFAo| 11 B 2| qFAQ] - 585 At
=31+ g oS o7|e 4= Qlth(Huang, Movellan, Paulus, &
Harl¢, 2015). E3F Q12|12 FA|of A9 of2]g-2 853859 A4,
& HE At THYolAY Astz o]ojA]H(Caligiuri &
Ellwanger, 2000), &%, 6%, 13| Ao 2h-8 5 L/A8ge] ot
&3t D5olA9 7158 Zeeth(Huang et al, 2015). B&

of, ¢-&oll SAE2 5719 SHolA W2 AT A S7H

Addis, & Jacobson, 2001; Trew, 2011).
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TSI 7 A o] el o] bRt A+t 28
=3 AAE FA B 5710l HiRt FEA A= AYEo glovk
7y QIX| A} e W 57Ieke] Hd T=]al o] 59| wyAo]
ol oA Y& vAEAl digt At ARt Aotk
Hrh 44|22 2 Disner 5-(2011)°] Akt s 4H g} 7| H ek
ko] 52k wdlof| viet 71 A Ga7h =l M 3 U
S5 P71 s sl At Ao, A7) A4 B
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AsHe R4 57Dt X}ﬂiﬂﬂ AEASE] @% &7(Cll: BAS)®]

Ao ol A
A7F 2 *o“ oA 7H° 4 7IL°ﬂ A= °“"o off el kst
L Ao A1) AAA, F WA1sH
7] 913k 7§Q) Hhol el F7H o 2 t=ojslar ) ek

=
A S

T
Ao

o 9L £ A19] T efst ] Selee mejel i F
Ese a7 P:'e’%* 2 A ek o] Aofstsict. 9
TR YA} F A 72 A AASE Center for Epidemiological

Studies Depression Scale (CES-D)ol|A] 104 o]3}e] ALVE Hol
vl ehto] AttiAde = RAEQICh HRA A 3570] A
ol Zrofstl ot o] & 389 A ST 9 AR FE2H0]
Aol 71 o5 BAIR A2 2] 3 3290) ARt
Ajo) EbElglck 7o) ek 5 U@ AERIT 6%,

TL‘ =

FATHAT 16%8) A7 A% 18-304] BI9l= Bt
AL 22 754|(FZ2HAL 3.25)9.01, HAZ} 219(65.6%)0] TP,
78 W 774 CBM AR 71 -3 A e 54 A -5l
A 2] Zpolo Tt H] —E‘r# 23k 7 ek g, ¥ =1.25,p= .26,
AY, t=1.09, p=.28, & 55, t=-1.59, p=.120]| 4] F-2J3} Z}-0]
7} gl Ao 2 e E‘r 7} Zjcto]| theh Hr} AR g H= Table
10 A AJ3HC.

AP |E DA EHET

AlZtopet2 1 M= (Visual Analogue Scale, VAS)

CBM 29 A% /HH5] Ae) /158 245 913 )
SE o= T ] A7) H 314] VAS (Heinberg & Thomp-
son, 1995)& A-2-5199t) o] A= 10 cm 2 R A Uhtfjof Holo|
Gt 71 HE=(04: A8 sigshA] o=tk 104: w9 Z1=eh
o %2 EAJSHEE Hof ¢lrk

o] 215%0‘HP<>J% o 2 922570 it A7 S 919 Ra-

1) 54 CBM 22 %%#% | B A EolN0] B BAE
0. A 7] 9J3) 2%

5302 3|S5 YAE Ha 7t
= My;“ ol 51_210} \:].

1:¥ 14\310] _QL—LE]
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Table 1. Baseline Group Differences (N=32)

Positive group Negative group

M (SD) M (SD) the
Demographic information
Gender (male/female)’ 12/4 9/7 1.25
Age 2338(338)  22.13(3.10)  1.09
Depression severity
CES-D 3.94 (2.74) 547 (2.59)  -1.59

Note. CES-D = Center for Epidemiological Studies Depression Scale.

TP-test.

dloff 1977)7} 7Rt} ek £ ¢1Lof| A= Chon, Choi®} Yang (2001)
o] 7kl E5H4 sk=tuk CES-DE AF2-5Fth & 207 E3lo =
olso}) Lo, 7} kol ofel Alsk el Fb Aeet o]

R 053] ZEA)A 38 (( 2] i) Hele] 44 2AE 4
T/gollAl 713t Chon 5-(2001)0] Ha1gh U2} UR| ez 919]
ATk

STt Jackson—5 H & (Korean version of the Jackson—5

Scales of revised Reinforcement Sensitivity Theory)

7R 358 A Al(revised Behavioral Approach System, rBAS),
WA= 3 Zﬂxﬂ A|(revised Behavioral Inhibition System, rBIS),
WA FA/ 3]/ 5 AA Al(revised Fight/Flight/Freeze System,

tFFES)E S4517] $J3f] Jackson (2009)©] 7H%5}3l Hwang¥} Lee
(2015)7} -2l WOk U B Slot 2 =5 ARSI QIT Tl Al
9] BAS?} BIS W FFFS9] 328 A A}¢lo] 9] o, FFFS+«= &4y, &=
5], 5] 4] o9) Relo2 P 2izte] Al FUsp

6251 AE 330250 %, W8l T3] Qoo e 12
t}o]] 2dst= 574 YAE WAl Bako & o]Fo|A] Qo)
Hwang?} Lee (2015)7} 2 118t 3F=t2F Jackson-5 2 %= 2] UJ& %]
== rBAS7} .77, tBIS7} .64, rFight7} .69, rFlight7} .60, rFreeze7}
545 B EIck

TM|(Interpretation Bias— Similarity
Rating Task, SRT)
SIS ZA517] Qe AATL(Lee et al., 2016; Yiend et al.,

2014)0]4 A7 SARF IS 5] E-Prime 202 A

7oret 927} glo] &2 A Abol A WILE|A] F=THLee etal., 2016). ©]of A4 HaF =4 E710] A5 ofH]
O & AJgYE 2 Lo A= CES-DO|A] 104 u|yhS 7] 231 £
& Aol A Al ¢Ix J4 5 SRl Adt A5 o] S23 A7
Mathews, Davison, BurgessS} Yiend ol 1>4 -8 5 el HOPlkko] ot ol SJate, CM-R AV BAASRT)ONA ek 7ol 80%0] 24
710 2 YEpstthalpha 4=

O A=z
= 0

22 AURFEE Ao Aol AT

<=+ G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007)& %*H AAFEQITE Lester,

2,81 47]d=1.14

05,93 2%, olol £ AT A5 S BT SA 2 BE AT 5
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ILpel o0} 2 15917]0) 1 B8 A3210] 2] upeto] 13
Arial L 185 ) A AT SRTAARS
A0 2 SR AR AILFELL S AR 5 1074 AlLtel 9 S
A0 2 AAFHES, AZHElolch SRS 255 en-
coding)@} A (recognition) THA| = LA %o Qlct F5 5} Ao
A e sheto] Al 202 T4 FUAR Al 28 o &
A Qw50 U0k T RS AT T B2 Hopr}
71 $lshs Zeslol s 15 Srefol shol, 24 A1) 2,000 ms
7] W] GO A5 2 T ol ANEL: W S
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i

=1
EO

rl—E r&

uRR|ef ko] ol nlehyd TholE ekl S AQl Eiwol o
(YHE) 2 oL (mHE)= FHsH=S Eof itk SHo] 8
H= FHEofl= 10,000 ms7 ol A, S AXHE 2ok -
o= o] A AA Tk ZH?_]EWMW“ Ale] @ Al A
u] 73 (1) Alue]eel I Q= G4 (Target Positive), (2)
Aute] .ot 3 Yl FEEA (Target Negative), (3) Al}2]2.2}
2491 91 25 (Foil Positive), () AlLH) 0.9} 421 9l 31
2 (Foil Negative)-0] L4121 <24 =2 282} sl A A H L) 2F

s AN £ S 9, 1 8%
2] 9.0] Yg3} eIt} ul2eh) 1ACAS ThEcheld 4l
Uehel ws10) 43 FAE Aol Sestes auolrk

] ol—}ﬂ o]ohﬂ ZE]XJ /\]L]-

As7 X|SHAC| X AZA- HTZ w2} 517 |[(Wechsler Adult
Intelligence Scale—Reverse—Digit—Span, WAIS—DS; Wechsler,

2014)

2 Ak s E S SRR Do) o8 detel] 9]
dzqmmqﬁ 1M%ﬂm%ﬂﬁ5%i@4ﬁ% Agt
71 gE S7dsh] 13t YT (Recall Task) & AAJSE7] o]

7 | A HSFAA— XS HA 1| (Memory Bias— Free Recall Task)

Joormann -5-(2015)2] Ao A ARERE 7| HHGFS] S =5 42
Aafo] ejare A2a mrolck obA AJaE SRTOIA AV A
2] 9 o] Al&o] 15¢12|0] L EE A 70 5] ujglo] A|A|E|Q)0
o, 7SS AES o T AN EAE Al 2.9 Wﬂg 3
“d(recall)sto] Qof ¢l H=9| ke ERO|| Efo]gsto] 2=
o 2 Ik o Al 2.5 1St ol AR /11
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o, 2K & WFAP} Ago| A HIE 2 the Ao AAE
ATk Alu] 2 A9 AX = - 2H9I= o] Fo1%it Joormann 5
(2015)] Aol A= 7R S HSsk o 2 AolA
L 27 dﬂgJM 32 2010 Z 2 Io|| A7} 7| &= )
Aoz 4=k,

]gg BAYL-9] 719 HTFS =A51] 25 AL Joor-
mann 5-(2015)2} Park} Lee (2018)2] -0l A A}-8-5 v wp
STk 715 719 BASHE W 719 S s (AU 2 H A

A S A 2ol EA ofe AlRe e B,

Abe] o Y83} o] = A e TS §lZ)o] A, QThd 2+ 719
O AA7HZ A5 H)= oAl tisf BAT: de =,
& Alute] . oF SRTHA Al AJAE =752 W80 :‘Eﬂﬂ‘ﬂ A
A 92 Tholuf g0l 5 ARgst e HAZIZE AR A9 -
ez Asigiet Al w7t Alm=stol Aot dely
A o2 I 89 eldlel A AAk thekedAdo] 719 o] Tigh
TS W HAS AASIITE AR 7 AlF =g AbEsl] 9
) A 1=7d2] 30%c] thall = B =HA o= e skl
ok 7155 W8 A7k s A7kl gt A 7 Al e
217}« =.80, k=.78°|3C}.
|

5(2015) 0 25 sghg WAl L2 90

25 Ao} Matlab 0.2 S HIAIE Asle] A8 3lsick
A o] A3 BHH-L- Figure 194 AIAISFTE AES HE3EA]
eF Ho 2 A 7 7)) A = Y 9l o, 0] 2B (Logitech
Extreme 3D Pro)& YA FAA AxE FhHO| 7HA 45215
S AR WEEA B2 W] SRS AT )
A5 A B S0 2alsto] WEEAS YA gL
Hof| FRI5]2] 9fa1, FHEIEAIL Hofl iRl 7b7ke- A2l 4[5}
=5 QR ERITE ZF AR 620] IAPAIREA 0 = AAIE GO
o, A7GEL 7 2 70] thaf 15413 2524 theah 7he &
A2 x5k ) 1, 14 2, 24 1, 24 2. 0 Al 2] 7}
8 912 7|0 2R Ele] 2ol28] $2olo] gt TAlo] el
O}Oﬂ A G E| QT o] 28 0] AR (o] 2 912> 71AA)

2 7145is, ZolaE 54 $E(EOIAE SR <AL

& 9ol A<= Huang
o]
=

A2 A7) w5 ARSIk ZolsEe] 918 B3 WS
2 7hsolu} 44:0) 74w A7) BRItk
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Wall Condition Stop-Sign Condition

Figure 1. Example of Computerized Driving Task. Under the permission by Huang et al. (2015), the present study copied and used the original
pictures provided by Huang et al. (2015) except wall and joystick pictures.
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Table 2. Mean Scores with Standard Deviations in Parenthesis in
Similarity Rating Task and Free Recall Task by Group (N=32)

Time 1 Time 2
Positive  Negative Positive  Negative
group group group group
M(SD) M (SD) M(SD)  M(SD)
State affect
Sadness 1.41(1.75) 2.07(2.26) 1.63(2.13) 3.58 (2.50)
Happiness 7.20 (1.53) 6.59 (1.40) 6.83(2.14) 5.95(1.64)

Similarity rating task

2.43(0.78) 2.34(0.51)
1.69 (0.58) 1.68 (0.24)
2.25(0.92) 1.89(0.73)
1.39 (0.34) 1.28(0.18)

3.02 (0.71) 2.37(0.75)
1.51 (0.41) 2.04(0.37)
2.25(1.06) 1.77 (0.85)
1.26 (0.34) 1.31(0.27)

Target_positive
Target_negative
Foil_positive
Foil_negative
Free recall task
Intrusion_positive 0.75 (1.06) 0.63 (0.81)
Intrusion_negative 0.31 (0.48) 0.63 (0.72)
Intrusion_neutral  2.06 (1.73) 2.00 (0.97)

2.31(1.54) 0.63 (1.09)
0.25 (0.58) 0.50 (0.63)
0.31 (0.48) 0.81 (0.83)
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Interpretation bias before and after CBM-I
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Mean scores of interpretation bias
[\S)
T

Pre-test Post-test

Target positive interpretation
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Target negative interpretation

Figure 2. Mean scores in similarity ratings for positive and negative target statements by training group.
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Figure 3. Mean number of positive, negative, and neutral memory intrusions made by training group.

Table 3. Group Differences in Computerized Driving Task and Jack-
son-5 Scales (N=32)

Positive Negative
group group t d
M (SD) M (SD)
Driving Task
Stop-Sign Condition
Max-acceleration -5.62 (2.45) -4.00 (3.00) -1.58 0.59
Max-deceleration 4.00(3.95) 2.66(2.11) 1.17 0.56
Error 4.00 (2.07)  6.00(2.99) -2.20* 0.78
Wall Condition
Max-acceleration -6.10 (2.69) -5.39(2.86) -0.71 0.26
Max-deceleration 3.56(3.85) 3.77(3.12) -0.16 0.06
Error 2.13(1.36)  3.31(1.35) -2.48* 0.87
Jackson-5 Scales
rBAS 21.56 (5.79) 17.44(5.59) 2.05* 0.72
rBIS 20.81 (5.32) 20.44 (5.07) 0.20 0.07
rFight 10.75 (4.19) 16.13 (5.58) -3.05** 1.09
rFlight 14.56 (4.99) 16.25(4.99) -0.96 0.34
rFreeze 11.88 (4.18) 12.25(3.73) -0.27 0.09

*p<.05.**p<.01.
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